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ABSTRACT
N i t r o g e n  u t i l i z a t i o n  by S p a r t i n a  a l t e r n i f l o r a  and i n o r g a n i c  
n i t r o g e n  t r a n s f o r m a t i o n s  i n  marsh  s o i l  w ere  i n v e s t i g a t e d  i n  f i e l d ,  
g r e e n h o u s e ,  and l a b o r a t o r y  e x p e r i m e n t s .  The v a r i a t i o n  i n  p l a n t  
n i t r o g e n  c o n t e n t ,  s o i l  n i t r o g e n ,  and s e l e c t e d  s o i l  p r o p e r t i e s  w i t h  
d i s t a n c e  i n l a n d  f rom a n a t u r a l  s t r e a m  tow ard  an  i n t e r d i s t r i b u t a r y  
b a s i n  i n  t h e  m arsh  was a l s o  m e a su re d .
The i n f l u e n c e  o f  am m on ium -n i t rogen  added  i n  May 1976 a t  a r a t e  
o f  200 k g /h a  on t h e  g ro w th  o f  _S. a l t e r n i f  l o r a  was s t u d i e d  a t  an 
i n l a n d  l o c a t i o n  i n  a s a l t  m a rsh  n e a r  B a r a t a r i a  Bay,  L o u i s i a n a .  Added 
n i t r o g e n  s i g n i f i c a n t l y  i n c r e a s e d  t o t a l  a b o v e g ro u n d  p l a n t  b iom ass  and 
p l a n t  h e i g h t  by 28 and 257o, r e s p e c t i v e l y ,  4 months  a f t e r  a p p l i c a t i o n .  
The t o t a l  b e low ground  t o  t o t a l  a b o v e g ro u n d  b iom ass  r a t i o  was 
d e c r e a s e d  from 5 . 7  t o  4 . 7  by th e  amended n i t r o g e n .  The u s e  o f  ^ N -  
d e p l e t e d  n i t r o g e n  showed t h a t  a b o u t  h a l f  o f  t h e  n i t r o g e n  i n  th e  
ab o v e g ro u n d  p o r t i o n  o f  Ŝ . a l t e r n i f  l o r a  from 1 t o  4 months a f t e r  t h e  
n i t r o g e n  a d d i t i o n  was d e r i v e d  f rom t h e  added  a m m on ium -n i t rogen .  A f t e r  
4 m o n th s ,  28 and  29% o f  t h e  ad d ed  n i t r o g e n  was r e c o v e r e d  i n  t h e  a b o v e ­
g ro u n d  and b e low ground  b io m as s  o f  £3. a l t e r n i f l o r a , r e s p e c t i v e l y .  I n  
t h e  f o l l o w i n g  s p r i n g  22% o f  t h e  n i t r o g e n  i n  new p l a n t  s h o o t s  was 
d e r i v e d  from t h e  added  n i t r o g e n .
The m easurem en t  o f  s e l e c t e d  s o i l  and  p l a n t  p r o p e r t i e s  a l o n g  a 
t r a n s e c t  i n l a n d  f rom a s t r e a m  i n  t h e  marsh  r e v e a l e d  t h a t  (1 )  t h e
x
t o t a l  n i t r o g e n  c o n t e n t  o f  jS. a l t e r n i f l o r a  i n  June  and S ep tem ber  t e n d e d  
t o  be g r e a t e r  a t  s t r e a m s i d e  t h a n  i n l a n d  s i t e s ;  (2 )  t o t a l  s o i l  n i t r o g e n  
c o n t e n t  i n c r e a s e d  w i t h  d i s t a n c e  i n l a n d  and r a n g e d  b e tw ee n  0 .43  and 
0.86% on a d r y  w e i g h t  b a s i s ;  (3)  s o i l  o r g a n i c  c a r b o n  i n c r e a s e d  w i t h  
d i s t a n c e  i n l a n d  and r a n g e d  b e tw ee n  5 . 8  and 15.4%, on a d ry  w e i g h t  
b a s i s ;  (4 )  s o i l  e x t r a c t a b l e  am m onium -n i t rogen  l e v e l s  m e asu re d  i n  Ju n e
O
were  l e s s  t h a n  6 y g / g  and 2 yg/cm i n  s o i l  c o n t a i n i n g  s t a n d s  o f  S_. 
a l t e r n i f l o r a , b u t  two s o i l  s am p le s  from i n l a n d  a r e a s  d e v o i d  o f  p l a n t s  
c o n t a i n e d  37 and 23 y g /g  am m on iu m -n i t ro g en ;  and (5)  s o i l  d e n s i t y
O
d e c r e a s e d  w i t h  d i s t a n c e  i n l a n d  and r a n g e d  be tw ee n  0 .3 7  and 0 .1 9  g/cm .
The l o s s  o f  ad d ed  ^ N - e n r i c h e d  am m onium -n i t rogen  from s o i l  c o r e s  
w i t h  and w i t h o u t  S_. a l t e r n i f l o r a  was exam ined  i n  t h e  g r e e n h o u s e .  
Ammonium-nit rogen  e q u i v a l e n t  t o  a b o u t  100 y g /g  was added  t h r o u g h o u t  
t h e  s o i l  c o r e s  i n  10 i n s t a l l m e n t s  eac h  s p a c e d  2 weeks a p a r t .  Less  
t h a n  10%, o f  t h e  added  am m on ium -n i t rogen  was n o t  r e c o v e r e d  and assumed 
t o  be l o s t  a s  g a s e o u s  n i t r o g e n  o ve r  a 5 -month  p e r i o d  i n  c o n s t a n t l y  
f l o o d e d  and a l t e r n a t e l y  f l o o d e d  and d r i e d  s o i l  c o r e s  c o n t a i n i n g  Ŝ . 
a l t e r n i f l o r a . A p p r o x i m a t e l y  35%, o f  t h e  added ammonium was l o s t  from 
c o n s t a n t l y  f l o o d e d  s o i l  c o r e s  w i t h o u t  p l a n t s .  Ammonium was p re su m ab ly  
l o s t  by n i t r i f i c a t i o n - d e n i t r i f i c a t i o n  r e a c t i o n s  and ammonia v o l a t i l i ­
z a t i o n .  S_. a l t e r n i f l o r a  had  a h i g h  c a p a c i t y  t o  a s s i m i l a t e  ammonium, 
and t h e  p r e s e n c e  o f  J>. a l t e r n i f  l o r a  d e c r e a s e d  l o s s  o f  added  ammonium- 
n i t r o g e n .
The f a t e  o f  n i t r a t e  and ammonium added  t o  s e d i m e n t - w a t e r  s y s t e m s  
composed o f  a  2 .4 - c m  l a y e r  o f  marsh  s e d im e n t  w i t h  a 2-cm l a y e r  o f  
o v e r l y i n g  e s t u a r i n e  w a t e r  was i n v e s t i g a t e d  i n  t h e  l a b o r a t o r y .  Most  of
x i
t h e  ^ N - e n r i c h e d  n i t r a t e - n i t r o g e n ,  e q u i v a l e n t  t o  a b o u t  45 y g / g  s e d i ­
m e n t ,  added  t o  e i t h e r  t h e  s e d im e n t  o r  t h e  o v e r l y i n g  w a t e r  was 
d e n i t r i f i e d ;  o n ly  15 t o  287. o f  t h e  added  n i t r a t e - n i t r o g e n  r e m a in e d  i n  
t h e  s e d i m e n t  a s  ammonium and o r g a n i c  n i t r o g e n .  More t h a n  507, o f  t h e  
l a b e l l e d  a m m o n iu m -n i t ro g en  added  a t  t h e  same r a t e  a s  t h e  n i t r a t e  to  
e i t h e r  the  s e d i m e n t  o r  t h e  o v e r l y i n g  w a t e r  was l o s t ,  p re su m ab ly  by 
n i t r i f i c a t i o n - d e n i t r i f i c a t i o n ,  o v e r  a 4 0 -d a y  p e r i o d .
INTRODUCTION
S a l t  m a rs h e s  a r e  an i n t e g r a l  p a r t  o f  L o u i s i a n a  c o a s t a l  w e t l a n d s .  
The h i g h  f i s h e r y  and w i l d l i f e  p r o d u c t i o n  i n  t h e  c o a s t a l  zone i s  d ep en ­
d e n t  upon t h e  p r i m a r y  p r o d u c t i o n  o f  t h e  m a r s h e s .  Marsh g r a s s e s  a r e  t h e  
main  p r i m a r y  p r o d u c e r s ,  and t h e y  form t h e  b a s e  o f  t h e  food web f o r  t h e  
e n t i r e  e s t u a r i n e  e c o s y s t e m .  M a i n t e n a n c e  o f  v i a b l e  m a rs h e s  i s  e s s e n t i a l  
f o r  p r e s e r v a t i o n  o f  f i s h e r y  and w i l d l i f e  r e s o u r c e s .
N i t r o g e n  c y c l i n g  i n  e s t u a r i n e  e c o s y s t e m s  i s  o f  s p e c i a l  im p o r t a n c e  
a s  n i t r o g e n  i s  t h e  n u t r i e n t  t h a t  l i m i t s  p r o d u c t i o n  o f  m arsh  g r a s s e s  
( P a t r i c k  and DeLaune 1 9 7 6 ) .  Knowledge o f  t h e  av e n u e s  and m a g n i tu d e s  
o f  n i t r o g e n  i n p u t  and e x p o r t  from s a l t  m a rs h e s  and t h e  i n t e r n a l  c y c l i n g  
o f  n i t r o g e n  i n  t h e  m a rs h  can  p r o v i d e  i n f o r m a t i o n  f o r  management 
p r a c t i c e s  t o  m a i n t a i n  p r o d u c t i v e  m a r s h e s .
The a b i l i t y  o f  m a rs h e s  t o  a s s i m i l a t e  n i t r o g e n  i s  a l s o  o f  i n t e r e s t  
a s  n i t r o g e n  from u n t r e a t e d  and p a r t i a l l y  t r e a t e d  sew age ,  i n d u s t r i a l  
w a s t e s ,  and r u n o f f  from a g r i c u l t u r a l  s o i l s  i s  t r a n s p o r t e d  by s t r e a m s  
i n t o  some L o u i s i a n a  m a rs h e s  ( C r a i g  and Day 1977) . E x a m in a t io n  o f  t h e  
f a t e  o f  n i t r o g e n  e n t e r i n g  s a l t  m a rs h e s  and t h e  amount o f  t h e  n i t r o g e n  
r e t a i n e d  i n  t h e  m arsh  w i l l  p r o v i d e  i n f o r m a t i o n  on t h e  c a p a c i t y  o f  
m a r s h e s  t o  a s s i m i l a t e  n i t r o g e n  w i t h o u t  d e t e r i o r a t i o n .
The o b j e c t i v e s  o f  t h i s  s t u d y  w e r e :  (1)  t o  m e a su re  t h e  v a r i a t i o n s
i n  p l a n t  n i t r o g e n ,  s o i l  n i t r o g e n ,  and s e l e c t e d  s o i l  p r o p e r t i e s  w i t h
d i s t a n c e  i n l a n d  f rom a n a t u r a l  s t r e a m  i n  a L o u i s i a n a  s a l t  m a r s h ;  (2)  to  
d e t e r m i n e  t h e  r e s p o n s e  o f  t h e  marsh  g r a s s  S p a r t i n a  a l t e r n i f l o r a  to  
added n i t r o g e n ;  (3 )  to  exam ine t h e  m a g n i tu d e  o f  g a s e o u s  n i t r o g e n  l o s s  
from s o i l - w a t e r  s y s t e m s  and s o i l - S .  a l t e r n i f l o r a - w a t e r  s y s t e m s ;  and (4)  
to  d e t e r m i n e  t h e  f a t e  o f  n i t r a t e -  and am m onium -n i t rogen  i n  s o i l - w a t e r  
c o l u m n s .
DESCRIPTION OF LOUISIANA SALT MARSHES
L o u i s i a n a  c o n t a i n s  t h e  l a r g e s t  and m os t  p r o d u c t i v e  c o a s t a l  w e t l a n d  
zone i n  t h e  c o n t i n e n t a l  U n i t e d  S t a t e s .  F e a t u r e s  o f  t h i s  a r e a  a r e  
c l o s e l y  r e l a t e d  t o  t h e  g e o l o g i c a l  h i s t o r y  o f  t h e  M i s s i s s i p p i  R i v e r .
Over t h e  p a s t  s e v e r a l  t h o u s a n d  y e a r s  a  s e r i e s  o f  M i s s i s s i p p i  R iv e r  
d i s t r i b u t a r i e s  h a v e  fo rmed  a l o n g  t h e  c e n t r a l  and e a s t e r n  L o u i s i a n a  
c o a s t .  A nnua l  f l o o d i n g  o f  t h e  d i s t r i b u t a r i e s  o v e r  t h e i r  n a t u r a l  l e v e e s  
r e s u l t e d  i n  t h e  f o r m a t i o n  o f  b r o a d  e x p a n s e s  o f  m a r s h l a n d s .  A c t i v e  
d i s t r i b u t a r i e s  b u i l t  new l a n d ,  b u t  when t h e  f lo w  o f  t h e  r i v e r  s h i f t e d  
t o  a new r o u t e  t h e  abandoned  d e l t a  and  a d j a c e n t  m arsh  u n d e rw e n t  e r o s i o n .  
As t h e  marsh  d e t e r i o r a t e d  s m a l l  w a t e r  b o d i e s  and s t r e a m s  fo rm ed ,  and 
t h e  i n t e r f a c e  l e n g t h  be tw een  t h e  l a n d  and w a t e r  i n c r e a s e d .  Land 
b u i l d i n g  h a s  e x c e e d e d  e r o s i o n  o v e r  h i s t o r i c a l  t i m e  and r e s u l t e d  i n  
f o r m a t i o n  o f  a  l a r g e  d e l t a i c  p l a i n  ( F r a z i e r  1967)  .
The m a rs h e s  o f  t h e  c o a s t a l  w e t l a n d s  e x h i b i t  a s t r i k i n g  z o n a t i o n  
o f  e m erg en t  p l a n t s .  V e g e t a t i o n  t y p e s  r a n g e  from s a l i n e  n e a r  t h e  Gulf  
o f  Mexico to  b r a c k i s h  and  t h e n  f r e s h  w i t h  i n c r e a s i n g  d i s t a n c e  from 
t h e  g u l f .  A band o f  s a l t  m a rs h e s  p a r a l l e l s  t h e  c o a s t l i n e .
The s a l t  m a r s h e s  a r e  i n t e r s p e r s e d  w i t h  numerous  s h a l l o w  l a k e s  
and b ay s  and c r i s s c r o s s e d  by s t r e a m s  and man-made c a n a l s .  These 
m a rs h es  h a v e  a l o w e r  t i d a l  r a n g e  t h a n  t h e i r  c o u n t e r p a r t  on t h e  A t l a n t i c  
c o a s t ,  and t h e  i n u n d a t i o n  c y c l e  i s  g e n e r a l l y  i n f l u e n c e d  more by winds
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t h a n  t i d e s . The m a rsh  i s  i n u n d a t e d  t h r o u g h o u t  mos t  o f  t h e  summer when 
s o u t h  w in d s  move g u l f  w a t e r  o n to  t h e  m a rs h .  Water  l e v e l s  a r e  low i n  
t h e  w i n t e r  when n o r t h  winds  push  t h e  w a t e r  s o u t h  i n t o  t h e  G u l f  o f  
M e x ic o . The m arsh  s u r f a c e  may r e m a in  u n c o v e r e d  by w a t e r  f o r  e x t e n d e d  
p e r i o d s  d u r i n g  t h e  w i n t e r .
The n a t u r a l  r e l i e f  o f  L o u i s i a n a  s a l t  m a rs h e s  i s  v e r y  lo w .  The 
marsh  t o p o g r a p h y  i s  c h a r a c t e r i z e d  by s l i g h t l y  e l e v a t e d  n a t u r a l  l e v e e s  
a d j a c e n t  t o  s t r e a m s  and w a t e r  b o d i e s  t h a t  g r a d u a l l y  s l o p e  i n t o  i n l a n d  
d e p r e s s i o n s  where  marsh  g r a s s  i s  s p a r s e  o r  c o m p l e t e l y  a b s e n t  and 
r e p l a c e d  by i n l a n d  l a k e s .  The to p  o f  t h e  s t r e a m s i d e  l e v e e  i s  l e s s  t h a n
0 . 5 m  above  low w a t e r .
The p r e d o m i n a n t  h i g h e r  p l a n t  i s  S p a r t i n a  a l t e r n i f l o r a  L o i s e l ,  
w hich  c o v e r s  62% o f  t h e  L o u i s i a n a  s a l t  m a rsh  a r e a  (C hab rec k  1 9 7 2 ) .
O t h e r  p l a n t s  p r e s e n t  a t  l o w e r  f r e q u e n c i e s  a r e  D i s t i c h l i s  s p i c a t a ,
J u n c u s  r o e m e r i a n u s , S p a r t i n a  p a t e n s , B a t i s  m a r i t i m a , and S a l i c o r n i a  
v i r g i n i c a .
P r o d u c t i v i t y  o f  S_. a l t e r n i f l o r a  v a r i e s  a g r e a t  d e a l .  S t r e a m s i d e  
r e g i o n s  s u p p o r t  t a l l e r  and more v i g o r o u s  p l a n t s  t h a n  a r e a s  f a r t h e r  
i n l a n d  f rom t h e  s t r e a m s .  A c o m p a r i s o n  o f  p r o d u c t i v i t y  d a t a  from 
L o u i s i a n a  m a rs h e s  ( G o s s e l i n k  e t  a l . 1977) and A t l a n t i c  c o a s t  m a rs h e s  
(Broome e t  a l . 1 9 7 5 a ,  Seneca  e t  a l .  1976) i n d i c a t e s  t h a t  s t r e a m s i d e  
S_. a l t e r n i f l o r a  i n  L o u i s i a n a  i s  s h o r t e r  b u t  more d e n s e  t h a n  t h e  
d e s i g n a t e d  t a l l  fo rm found  on t i d a l  c r e e k  b a n k s  a l o n g  t h e  A t l a n t i c  
c o a s t ;  a l t e r n i f l o r a  i n  t h e  i n l a n d  a r e a s  o f  L o u i s i a n a  s a l t  m a rshes  
h a s  a  h i g h e r  p e a k  s t a n d i n g  c ro p  t h a n  t h e  d e s i g n a t e d  s h o r t  form found 
i n l a n d  from c r e e k s  i n  A t l a n t i c  c o a s t  m a r s h e s .
The B a r a t a r i a  Bay s a l i n e  e c o s y s t e m ,  l o c a t e d  b e tw e e n  t h e  p r e s e n t
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M i s s i s s i p p i  R iv e r  and Bayou L a f o u r c h e ,  i s  t h e  most  e x t e n s i v e l y  
s t u d i e d  r e g i o n  o f  s a l t  m a rs h e s  i n  L o u i s i a n a .  P r i m a r y  p r o d u c t i o n  i n  
t h i s  e c o s y s t e m  o r i g i n a t e s  from marsh  g r a s s e s  t h a t  a r e  do m in a ted  by 
S_. a l t e r n i f l o r a , p h y t o p l a n k t o n ,  b e n t h i c  p l a n t s ,  and e p i p h y t i c  a l g a e  
on t h e  m arsh  g r a s s e s  (Day e t  a l . 1 9 7 3 ) .  Ŝ . a l t e r n i f l o r a  i s  t h e  most
i m p o r t a n t  p r i m a r y  p r o d u c e r  i n  t h i s  s a l i n e  marsh  a r e a .  B eca u se  o f  th e  
warm c l i m a t e  p r o d u c t i o n  o f  Ŝ . a l t e r n i f l o r a  o c c u r s  y e a r  r o u n d .
L i v e  s t a n d i n g  c ro p  o f  S.  a l t e r n i f l o r a  i n c r e a s e s  d u r i n g  t h e  summer 
months  and p e a k s  i n  Sep tem ber  a t  t h e  t im e  o f  f l o w e r i n g .  A f t e r  f l o w e r ­
i n g  t h e  v e g e t a t i o n  d i e s ,  and  l i v e  s t a n d i n g  c ro p  i s  t r a n s f o r m e d  t o  dead 
s t a n d i n g  c ro p  ( K i rb y  and G o s s e l i n k  1 9 7 6 ) .  Most o f  t h e  dead g r a s s  
r e m a in s  s t a n d i n g  on t h e  marsh  t h r o u g h o u t  t h e  w i n t e r  when t h e  w a t e r  
l e v e l s  a r e  low. I n  t h e  e a r l y  s p r i n g  as t h e  t e m p e r a t u r e  and w a t e r  l e v e l  
i n c r e a s e ,  much o f  t h e  dead  S_. a l t e r n i f l o r a  i s  b r o k e n  down i n t o  o r g a n i c  
d e t r i t u s .  A p o r t i o n  o f  t h i s  m a t e r i a l  i s  consumed on t h e  m arsh  and t h e  
r e m a i n d e r  i s  w ashed  from t h e  m arsh  i n t o  a d j a c e n t  s t r e a m s  and b a y s  by 
t h e  p r e v a i l i n g  s o u t h  winds  and h e a v y  r a i n s .
Much o f  t h e  n e t  p r o d u c t i o n  o f  JS. a l t e r n i f l o r a  e n t e r s  t h e  d e t r i t a l  
food  c h a i n .  Day e t  a l . ( 1 9 7 3 )  e s t i m a t e d  t h a t  50% o f  t h e  aboveground  
n e t  p r o d u c t i o n  i s  e x p o r t e d  f rom t h e  m arsh  t o  t h e  e s t u a r y .  K i rb y  and 
G o s s e l i n k  (1976) s u g g e s t e d  an  e x p o r t  o f  70% o f  t h e  n e t  p r o d u c t i o n  from 
a  s t r e a m s i d e  m a rs h .
The m arsh  s o i l s  o f  L o u i s i a n a  a r e  g e n e r a l l y  c l a s s i f i e d  a s  p e a t s ,  
m ucks ,  and c l a y s .  The d a r k  brown and  b l a c k  c o l o r s  o f  t h e  p e a k s ,  mucks ,  
and o r g a n i c  c l a y s ,  and t h e  g r a y  c o l o r s  a s s o c i a t e d  w i t h  r e d u c e d  s o i l  
c o n d i t i o n s  a r e  t h e  dom inan t  m o r p h o l o g i c a l  c h a r a c t e r i s t i c s  ( L y t l e  1 9 6 8 ) .
The s o i l s  i n  b o t h  t h e  s t r e a m s i d e  and i n l a n d  m arsh  r e m a in  a n a e r o b i c
6
t h r o u g h o u t  t h e  y e a r ,  and  s u l f i d e  c o n c e n t r a t i o n s  o f  s e v e r a l  h u n d re d  
y g /g  o f  s o i l  a r e  n o t  uncommon (DeLaune e t  a l .  1 9 7 6 ) .  The s o i l  m i n e r a l s  
c o n s i s t  o f  s i l t s  and  c l a y s  o f  r e c e n t  a l l u v i a l  o r i g i n ,  p l u s  m a r i n e  s i l t s  
and c l a y s  o v e r l a i n  by l a y e r s  o f  p e a t s  and mucks r a n g i n g  i n  t h i c k n e s s  
from 0 . 3  m t o  more t h a n  3 .5  m ( L y t l e  and  D r i s k e l l  1 9 7 0 ) .  The d e p t h  o f  
t h e  o v e r l y i n g  o r g a n i c  m a t e r i a l  i s  d e t e r m i n e d  by t h e  amount o f  s u b s i ­
d e n c e ,  s e a  l e v e l  r i s e ,  and t h e  v e g e t a t i v e  h i s t o r y  o f  t h e  a r e a .
The c o a s t a l  zone  o f  L o u i s i a n a  i s  s u b s i d i n g  (Swanson and Thurlow
1 9 7 3 ) .  C o n s e q u e n t l y ,  i f  t h e  marsh  i s  t o  s u r v i v e ,  i t s  r a t e  o f  v e r t i c a l  
a c c r e t i o n  must  b a l a n c e  t h e  r a t e s  o f  e u s t a t i c  s e a  l e v e l  r i s e  and s u b s i ­
d e n c e .  The marsh s u r f a c e  m a i n t a i n s  an a p p r o x i m a t e  e l e v a t i o n  w i t h  
r e s p e c t  t o  some s e a  l e v e l  datum by c o n t i n u a l  a c c u m u l a t i o n  o f  dead  p l a n t  
m a t e r i a l  and by  e n t r a p m e n t  and s t a b i l i z a t i o n  o f  o r g a n i c  d e t r i t u s  and 
m i n e r a l  s e d i m e n t s  t r a n s p o r t e d  from a d j a c e n t  s t r e a m s .  R a d i o m e t r i c  
d a t i n g  i n d i c a t e s  t h a t  v e r t i c a l  a c c r e t i o n  a t  a s t r e a m s i d e  and an  i n l a n d  
l o c a t i o n  i n  t h e  s a l t  marsh  n e a r  L e e v i l l e ,  L o u i s i a n a ,  a r e  1 . 3 5  and 0 . 7 5  
c m /y r ,  r e s p e c t i v e l y  (DeLaune e t  a l .  1 9 7 8 ) .  These  r a t e s  a r e  s u b s t a n ­
t i a l l y  g r e a t e r  t h a n  t h o s e  i n  A t l a n t i c  c o a s t  s a l t  m a rs h e s  (Armentano 
and Woodwell 1975 ,  R i c h a r d  1 9 7 8 ) .
The s o i l s  and s e d i m e n t s  o f  t h e  s a l t  m a rs h e s  and a d j a c e n t  e s t u a r i e s  
e x h i b i t  t h e  p r o p e r t i e s  o f  w a t e r l o g g e d  s o i l s .  Oxygen ex c h a n g e  b e tw e e n  
t h e  a t m o s p h e r e  and t h e s e  s o i l s  i s  v e r y  s m a l l  compared  t o  t h a t  i n  
w e l l - d r a i n e d  u p la n d  s o i l s .  When t h e  s o i l  i s  i n u n d a t e d  oxygen  i n  t h e  
o v e r l y i n g  w a t e r  s l o w l y  r e a c h e s  t h e  s o i l  s u r f a c e  by  d i f f u s i o n  and c o n ­
v e c t i v e  m i x i n g .  D u r in g  t h e  p e r i o d  t h a t  t h e  m arsh  i s  n o t  i n u n d a t e d  
oxygen  s l o w l y  e n t e r s  t h e  s o i l  by m o l e c u l a r  d i f f u s i o n  t h r o u g h  w a t e r -  
f i l l e d  s o i l  p o r e s .  Oxygen i n  t h e  s o i l  i s  r a p i d l y  consumed a t  o r
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s l i g h t l y  be low  t h e  s o i l  s u r f a c e .  The h i g h  oxygen  demand i n  t h e  s o i l  
c o n b i n e d  w i t h  t h e  s lo w  r a t e  o f  oxygen  s u p p l y  r e s u l t  i n  t h e  deve lopm en t  
o f  an o x i d i z e d  o r  a e r o b i c  s o i l  l a y e r  c o n t a i n i n g  oxygen  and  an  u n d e r ­
l y i n g  r e d u c e d  o r  a n a e r o b i c  l a y e r  w i t h o u t  oxygen  (DeLaune e t  a l .  1976 ,  
P a t r i c k  and M a h a p a t r a  1 9 6 8 ) .
The t h i c k n e s s  o f  t h e  o x i d i z e d  s o i l  s u r f a c e  l a y e r  i s  d e t e r m i n e d  by 
t h e  n e t  e f f e c t  o f  oxygen c o n s u m p t io n  and oxygen  s u p p l y  t o  t h e  s o i l  
(M or t im er  1 9 4 2 ) .  The l a r g e  q u a n t i t y  o f  r e a d i l y  deco m p o sa b le  o r g a n i c  
m a t t e r  i n  t h e  m a rsh  s o i l  r e s u l t s  i n  a h i g h  oxygen demand and c o n s e ­
q u e n t l y  a t h i n  o x i d i z e d  l a y e r .  I f  oxygen  c o n s u m p t io n  i n  t h e  o v e r l y i n g  
w n t e r  i s  v e r y  h i g h ,  t h e  b o u n d a r y  b e tw ee n  t h e  a e r o b i c  and a n a e r o b i c  
zo n es  can  move above  t h e  s o i l  s u r f a c e  so  t h a t  t h e  s o i l  i s  c o m p l e t e l y  
a n a e r o b i c .
The o x i d i z e d  s u r f a c e  l a y e r  o f  marsh  and  e s t u a r i n e  s o i l s  and s e d i ­
m en ts  p r o f o u n d l y  i n f l u e n c e s  n i t r o g e n  and o t h e r  n u t r i e n t s .  The 
a e r o b i c  s o i l  l a y e r  c o n t a i n s  t h e  o x i d i z e d  forms o f  n i t r o g e n  and o t h e r  
r e d o x  e l e m e n t s ,  w h i l e  t h e  u n d e r l y i n g  a n a e r o b i c  zone c o n t a i n s  t h e  
r e d u c e d  forms  o f  t h e s e  e l e m e n t s  ( P e a r s a l l  and M o r t im e r  1 9 3 9 ) .  The 
o x i d i z e d  s o i l  l a y e r  a c t s  a s  a  b a r r i e r  t o  t h e  r e l e a s e  o f  c e r t a i n  
n u t r i e n t s  from t h e  s o i l  t o  t h e  o v e r l y i n g  w a t e r .  When t h e  o x i d i z e d  
l a y e r  d i s a p p e a r s ,  ammonium, f e r r o u s  i r o n ,  p h o s p h a t e ,  and o t h e r  s o l u b l e  
compounds e s c a p e  from t h e  s o i l  t o  t h e  w a t e r  (M or t im er  1941 ,  1971;
G r a e t z  e t  a l . 1 9 7 3 ) .
Human a c t i v i t i e s  i n  t h e  L o u i s i a n a  c o a s t a l  zone h a v e  a l t e r e d  t h e  
n a t u r a l  e n v i r o n m e n t ,  and t h e  m a r s h e s  a r e  c u r r e n t l y  i n  a s t a t e  o f  
m a s s i v e  d e g r a d a t i o n .  The p r i m a r y  c a u s e s  o f  marsh  d e t e r i o r a t i o n  a r e  
f l o o d  c o n t r o l  and n a v i g a t i o n  im p ro v em en t ,  a c c e l e r a t e d  s u b s i d e n c e ,
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u r b a n  e n c ro a c h m e n t  i n t o  w e t l a n d s ,  w a t e r  p o l l u t i o n ,  and c a n a l  d r e d g i n g  
( G a g l i a n o  and van  Beek 1 9 7 5 ) .  A l t e r a t i o n s  i n  t h e  c o a s t a l  zone have  
i n c r e a s e d  s a l t w a t e r  i n t r u s i o n ,  w hich  h a s  d r a s t i c a l l y  a f f e c t e d  t h e  
f a u n a  and f l o r a  o f  t h e  m a r s h e s .
The l e v e e i n g  o f  t h e  M i s s i s s i p p i  R i v e r  i n  t h i s  c e n t u r y  h a s  p r e ­
v e n t e d  d i s t r i b u t a r y  s w i t c h i n g  and a n n u a l  o v e r b a n k  f l o o d i n g .  Conse­
q u e n t l y ,  t h e  s u p p l y  o f  s e d im e n t  i s  i n s u f f i c i e n t  t o  combat l a n d  
e r o s i o n ,  and L o u i s i a n a  i s  c u r r e n t l y  l o s i n g  l a n d .
REVIEW OF LITERATURE
A. Forms o f  N i t r o g e n  i n  t h e  S a l t  Marsh
N i t r o g e n  i n  s a l t  m arsh  s o i l s  and e s t u a r i n e  s e d i m e n t s  i s  predom­
i n a n t l y  o r g a n i c a l l y  b o und ,  and o n l y  a s m a l l  amount a p p e a r s  i n  t h e  
i n o r g a n i c  fo rm.  O r g a n ic  n i t r o g e n  c o m p r i s e s  a t  l e a s t  99% o f  t h e  t o t a l  
n i t r o g e n  i n  s a l t  m arsh  s o i l s  i n  L o u i s i a n a  (Brannon  197 3) and G e o r g i a  
(C ha lm ers  e t  a l . 1976 ,  H a in e s  e t  a l . 1 9 7 7 ) .  B rannon  (1973)  r e p o r t e d  
a v e r a g e  t o t a l  n i t r o g e n  c o n t e n t s  o f  0 . 6 7  and 0.98% a t  s t r e a m s i d e  and 
i n l a n d  a r e a s ,  r e s p e c t i v e l y ,  i n  a L o u i s i a n a  s a l t  m a r s h ,  and Ho (1971)  
found  t o t a l  n i t r o g e n  l e v e l s  from 0 .2 1  t o  0.34% i n  s e d i m e n t s  from two 
l a k e s  i n  a L o u i s i a n a  s a l t  m a rs h .  The n i t r o g e n  c o n t e n t  o f  G e o rg i a  s a l t  
marsh s o i l s  o b s e r v e d  by H a in e s  e t  a l . (1977) r a n g e d  from 0 . 1 5  t o  0.50% 
and t e n d e d  t o  d e c r e a s e  w i t h  d e p t h .
I n o r g a n i c  n i t r o g e n  i n  t h e  s o i l  i s  p r e s e n t  a s  ammonium, n i t r a t e ,  
n i t r i t e ,  and g a s e o u s  n i t r o g e n .  Ammonium i s  t h e  p r e d o m i n a n t  i n o r g a n i c  
s p e c i e s ,  and i t  can  a p p e a r  e i t h e r  i n  t h e  s o i l  i n t e r s t i t i a l  s o l u t i o n ,  
a d s o r b e d  on t h e  i o n  exchange  complex  of  s o i l  m i n e r a l s  and o r g a n i c  com­
p o u n d s ,  o r  f i x e d  i n  t h e  l a t t i c e  o f  c l a y  m i n e r a l s .  Only s o l u b l e  and 
e x c h a n g e a b l e  ammonium a r e  r e a d i l y  a v a i l a b l e  f o r  m i c r o b i a l  a s s i m i l a t i o n  
and p l a n t  u p t a k e .
The c a p a c i t y  o f  s o i l s  t o  f i x  ammonium depends  on t h e  a bundanc e  
and t y p e  o f  c l a y  m i n e r a l s  p r e s e n t .  I l l i t e  and v e r m i c u l i t e  f i x  ammonium 
more r e a d i l y  t h a n  m o n t m o r i l l o n i t e  ( A l l i s o n  e t  a l . 1 9 5 3 ) .  Kemp and
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Mudrochova (1972)  found  h i g h  am ounts  o f  f i x e d  ammonium i n  a  f r e s h w a t e r  
l a k e  s e d i m e n t  i n  w h ic h  i l l i t e  was t h e  p r e d o m i n a n t  c l a y  m i n e r a l .  The 
c l a y  m i n e r a l  s u i t e  o f  s o i l s  i n  t h e  L o u i s i a n a  c o a s t a l  zone c o n t a i n s  
m o s t l y  m o n t m o r i l l o n i t e  and  a s m a l l  q u a n t i t y  o f  i l l i t e  and k a o l i n i t e  
(Ho 1971,  G am bre l l  e t  a l . 1 9 7 7 ) ,  c o n s e q u e n t l y  t h e  e x t e n t  o f  ammonium 
f i x a t i o n  i n  t h e s e  s o i l s  i s  p r e s u m a b l y  s m a l l .
The p o o l  o f  s o i l  a m m on ium -n i t rogen  i s  dynamic and can  undergo  
r a p i d  c h a n g e s .  Ammonium can  b e  c o n v e r t e d  t o  o r g a n i c  n i t r o g e n  by m i c r o ­
b i a l  a c t i v i t y ,  t a k e n  up by p l a n t s ,  f i x e d  i n  t h e  l a t t i c e  o f  c l a y  m i n e r a l s ,  
and l o s t  by v o l a t i l i z a t i o n .  The rem ova l  o f  s o i l  ammonium i s  o f f s e t  by 
i t s  c o n t i n u o u s  f o r m a t i o n  v i a  m i n e r a l i z a t i o n  o f  o r g a n i c  n i t r o g e n  (T u s -  
neem and P a t r i c k  1971)  .
Brannon (1973)  found  t h a t  e x t r a c t a b l e  ( s o l u b l e  p l u s  e x c h a n g e a b l e )  
ammonium l e v e l s  i n  s a l t  m arsh  s o i l s  w e re  low i n  t h e  s p r i n g  and summer 
when n i t r o g e n  u p t a k e  by J5. a l t e r n i f l o r a  was m ax im al .  E x t r a c t a b l e  
ammonium p eak e d  i n  O c t o b e r  and November and th e n  d e c r e a s e d  t o  lo w e r  
v a l u e s  d u r i n g  t h e  w i n t e r .  Brannon  (1973)  a t t r i b u t e d  t h e  low e x t r a c t a b l e  
ammonium c o n t e n t  i n  w i n t e r  t o  d e c r e a s e d  n i t r o g e n  m i n e r a l i z a t i o n  r a t e s  
d u r i n g  p e r i o d s  o f  low t e m p e r a t u r e .
The s e a s o n a l  v a r i a t i o n s  o f  i n t e r s t i t i a l  ammonium i n  l a k e  s e d i ­
men ts  were  s i m i l a r  t o  t h o s e  f o r  e x t r a c t a b l e  ammonium i n  t h e  s a l t  m a rs h .
Ho and Lane (1973)  r e p o r t e d  t h a t  t h e  c o n c e n t r a t i o n s  o f  i n t e r s t i t i a l  
ammonium i n  s e d i m e n t  from A i r p l a n e  L a k e ,  a  s m a l l  s a l i n e  l a k e  i n  
c o a s t a l  L o u i s i a n a ,  w e re  low i n  summer, p ea k e d  i n  O c to b e r  and November,  
and t h e n  d e c r e a s e d .  The ammonium p e a k  was a t t r i b u t e d  t o  t h e  decompo­
s i t i o n  o f  f r e s h l y  a c c u m u l a t e d  dead  o r g a n i s m s  and a n i m a l  e x c r e t i o n s .
Even th ough  n i t r a t e  i s  u n s t a b l e  i n  a n a e r o b i c  s o i l ,  Chalmers
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e t  a l . (1976)  fo u n d  m e a s u r a b l e  l e v e l s  o f  n i t r a t e  t h r o u g h o u t  30-cm s o i l  
p r o f i l e s  from a  G e o r g i a  s a l t  m a rs h .  These  a u t h o r s  c o n c l u d e d  t h a t  t h e  
n i t r a t e  was formed by n i t r i f i c a t i o n  i n  t h e  o x i d i z e d  r h i z o s p h e r e  o f  
a l t e r n i f l o r a  s i n c e  n i t r a t e  d e r i v e d  from t h e  w a t e r  column would  n o t  
d i f f u s e  t o  su ch  g r e a t  d e p t h s  i n  t h e  s o i l  p r o f i l e .  Ho and S c h n e i d e r  
(1976) found  n i t r a t e  i n  t h e  i n t e r s t i t i a l  w a t e r  o f  s e d i m e n t s  and a t t r i ­
b u t e d  i t s  p r e s e n c e  t o  n i t r i f i c a t i o n  i n  t h e  s u r f a c e  o x i d i z e d  l a y e r .
Low l e v e l s  o f  g a s e o u s  n i t r o g e n  a r e  p r e s e n t  i n  marsh  s o i l s .
Chalmers  e t  a l .  (1976)  o b s e r v e d  t h a t  n i t r o g e n  gas  c o n c e n t r a t i o n  d e c r e a s e d  
w i t h  d e p t h  i n  G e o r g i a  s a l t  marsh s o i l s .  N i t r i t e  c o n c e n t r a t i o n s  a r e  v e r y  
s m a l l  (C ha lm ers  e t  a l . 1 9 7 6 ) .
From t h e  a n a l y s i s  o f  s e d i m e n t s  a l o n g  t h e  p r o p o s e d  LOOP, INC. p i p e ­
l i n e  r o u t e  i n  c o a s t a l  L o u i s i a n a ,  Ho and S c h n e i d e r  (1976)  found  t h a t  (1)  
t h e  l e v e l s  o f  i n o r g a n i c  n i t r o g e n  a r e  many t i m e s  g r e a t e r  i n  t h e  s o i l  
i n t e r s t i t i a l  s o l u t i o n  t h a n  i n  t h e  o v e r l y i n g  w a t e r  co lumn; (2) t h e  i n t e r ­
s t i t i a l  c o n c e n t r a t i o n  o f  i n o r g a n i c  n i t r o g e n  i s  p o s i t i v e l y  c o r r e l a t e d  
w i t h  o r g a n i c  n i t r o g e n  i n  s e d i m e n t s  s u g g e s t i n g  t h a t  t h e  i n o r g a n i c  n i t r o ­
gen i s  a d e c o m p o s i t i o n  p r o d u c t  o f  s e d im e n t  o r g a n i c  n i t r o g e n ;  and (3)  
t h e  c o n t e n t  o f  i n t e r s t i t i a l  i n o r g a n i c  n i t r o g e n  i s  p r o p o r t i o n a l  t o  t h a t  
i n  t h e  o v e r l y i n g  w a t e r .
B . U t i l i z a t i o n  o f  N i t r o g e n  by S p a r t i n a  a l t e r n i f l o r a
S o l u b l e  and e x c h a n g e a b l e  ammonium and n i t r a t e  a r e  r e a d i l y  t a k e n  
up by p l a n t s ,  b u t  o r g a n i c  n i t r o g e n  must  be  m i n e r a l i z e d  t o  ammonium 
b e f o r e  i t  i s  a v a i l a b l e  t o  p l a n t s .  P a t r i c k  and DeLaune (1976) d e t e r ­
mined a n i t r o g e n  m i n e r a l i z a t i o n  r a t e  o f  a p p r o x i m a t e l y  12 yg n i t r o g e n /  
g s o i l / w e e k  f o r  s a l t  m a rsh  s o i l  i n c u b a t e d  i n  t h e  l a b o r a t o r y .  The low
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l e v e l s  o f  e x t r a c t a b l e  ammonium i n  s a l t  m a rsh  s o i l s  d u r i n g  t h e  s p r i n g  
and summer a p p a r e n t l y  i n d i c a t e  t h a t  ammonium i s  removed by Ŝ . a l t e m i -  
f l o r a  a s  f a s t  a s  i t  i s  fo rmed  v i a  m i n e r a l i z a t i o n  (Brannon 1 9 7 3 ) .
JS. a l t e r n i f l o r a  i s  c a p a b l e  o f  a s s i m i l a t i n g  b o t h  n i t r a t e  and ammon­
ium, b u t  M en d e ls so h n  (1978)  c o n c l u d e d  t h a t  n i t r a t e  was o f  minor  
s i g n i f i c a n c e  compared  to  ammonium a s  a n i t r o g e n  s o u r c e  f o r  S_. a l t e r n i -  
f l o r a  i n  a N o r th  C a r o l i n a  s a l t  m a rsh  s i n c e  l e v e l s  o f  i n t e r s t i t i a l  n i t r a t e  
w ere  s m a l l  compared  t o  t h o s e  f o r  i n t e r s t i t i a l  ammonium and b o t h  t h e  
n i t r a t e  c o n t e n t  and n i t r a t e  r e d u c t a s e  a c t i v i t y  i n  p l a n t  t i s s u e s  were  
v e r y  low.  A d d i t i o n  o f  n i t r a t e  t o  t h e  marsh s t i m u l a t e d  n i t r a t e  r e d u c t a s e  
a c t i v i t y  i n d i c a t i n g  t h a t  S_. a l t e r n i f  l o r a  h a s  t h e  a b i l i t y  t o  u t i l i z e  
n i t r a t e  when i t  i s  p r e s e n t  (M ende ls sohn  1 9 7 8 ) .
N i t r o g e n  u t i l i z a t i o n  by Ŝ . a l t e r n i f l o r a  has  b e e n  examined most  
e x t e n s i v e l y  i n  s a l t  m a r s h e s  on t h e  A t l a n t i c  c o a s t  o f  t h e  U n i t e d  S t a t e s .  
These  m a rs h e s  a r e  c h a r a c t e r i z e d  by two d i s t i n c t  g row th  forms o f  S^ 
a l t e r n i f l o r a ; a t a l l  form more t h a n  1 m i n  h e i g h t  o c c u r s  on t i d a l  c r e e k  
b a n k s ,  and a s h o r t  fo rm l e s s  t h a n  50 cm i n  h e i g h t  i s  found  f u r t h e r  
i n l a n d  from t h e  c r e e k  ( V a l i e l a  e t  a l . 1 9 7 8 a ) .  M ende lssohn  (1978) i n d i ­
c a t e d  t h a t  t h e  t o t a l  n i t r o g e n  c o n t e n t  o f  p l a n t  t i s s u e s  was s i g n i f i c a n t l y  
g r e a t e r  i n  t h e  t a l l  form o f  S. a l t e r n i f l o r a  t h a n  t h e  s h o r t  form i n  a 
N o r th  C a r o l i n a  s a l t  m a r s h .  S o i l  i n t e r s t i t i a l  ammonium i n  a N o r th  
C a r o l i n a  s a l t  marsh  (M ende ls sohn  1978) and  e x t r a c t a b l e  ammonium i n  a 
G e o r g i a  marsh  ( H a in e s  e t  a l .  1977) w ere  g r e a t e r  i n  t h e  s h o r t  S_. a l t e r ­
n i f l o r a  zone  t h a n  t h e  t a l l  zone .
N i t r o g e n  h a s  b e e n  r e p o r t e d  to  be  t h e  n u t r i e n t  l i m i t i n g  S_. a l t e r ­
n i f l o r a  g row th  i n  A t l a n t i c  c o a s t  m a r s h e s .  A p p l i c a t i o n  o f  ammonium 
n i t r a t e  t o  t h e  s u r f a c e  o f  a D e law are  s a l t  m a rsh  ( S u l l i v a n  and D a i b e r
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1974) and  t h e  s o i l  o f  a  G e o rg i a  m arsh  ( G a l l a g h e r  1975)  s i g n i f i c a n t l y  
i n c r e a s e d  t h e  s t a n d i n g  c ro p  b io m a s s  o f  t h e  s h o r t  form o f  S_. a l t e r n i f l o r a . 
Broome e t  a l . (1975b)  and M en d e ls s o h n  (1978)  found  s i m i l a r  r e s p o n s e s  o f  
s h o r t  a l t e r n i f l o r a  t o  n i t r o g e n  f e r t i l i z a t i o n  i n  N o r th  C a r o l i n a .  These  
a u t h o r s  and G a l l a g h e r  ( 1 9 7 5 ) ,  h o w e v e r ,  r e p o r t e d  no s i g n i f i c a n t  e f f e c t  o f  
a p p l i e d  n i t r o g e n  on t h e  ab o v eg ro u n d  s t a n d i n g  c r o p  o f  t h e  t a l l  form o f  
S_. a l t e r n i f l o r a . A d d i t i o n  o f  n i t r o g e n  a s  u r e a  ( V a l i e l a  and T ea l  1974) 
and sewage s l u d g e  ( V a l i e l a  e t  a l . 1975) t o  a mixed  m arsh  i n  M a s s a c h u s e t t s  
g r e a t l y  i n c r e a s e d  p l a n t  b i o m a s s .  Sewage s l u d g e  a l s o  e n h a n c e d  g row th  o f  
s h o r t  Ŝ . a l t e r n i f l o r a  i n  a G e o r g i a  m arsh  (C ha lm ers  e t  a l . 1 9 7 6 ) .
N i t r o g e n  s u p p l y  a p p e a r s  t o  be  a f a c t o r  r e s p o n s i b l e  f o r  t h e  s h o r t  
form o f  Ŝ . a l  t e r n i f l o r a . V a l i e l a  e t  a l . (1 9 7 5 ,  1978a)  found  t h a t  con ­
t i n u o u s  n i t r o g e n  f e r t i l i z a t i o n  o f  s h o r t  form Ŝ . a l t e r n i f l o r a  r e s u l t e d  
i n  t h e  c o n v e r s i o n  o f  i t s  m orpho logy  t o  t h a t  r e s e m b l i n g  t h e  t a l l  fo rm ,  
and th e y  c o n c l u d e d  t h a t  t h e  h e i g h t  fo rms  w ere  p r i n c i p a l l y  d e t e r m i n e d  by 
n i t r o g e n  a v a i l a b i l i t y .  M ende ls sohn  (1978)  c a u t i o n e d  t h a t  f a c t o r s  i n t e r ­
r e l a t e d  w i t h  n i t r o g e n  o r  i n  a d d i t i o n  t o  n i t r o g e n  may i n f l u e n c e  p r o d u c ­
t i o n  o f  s h o r t  form S_. a l t e r n i f l o r a .
R e s e a r c h  on n i t r o g e n  u t i l i z a t i o n  by Ŝ . a l t e r n i f l o r a  i n  G u l f  c o a s t
s a l t  m a rs h e s  i s  v e r y  s p a r s e  compared  t o  t h a t  i n  A t l a n t i c  c o a s t  m a r s h e s .
P a t r i c k  and DeLaune (1976)  r e p o r t e d  t h a t  a d d i t i o n  o f  a romonium-ni t rogen
to  a s t r e a m s i d e  marsh  i n  L o u i s i a n a  r e s u l t e d  i n  a 15% i n c r e a s e  i n  a b o v e -
15ground  p l a n t  b io m ass  4 months  l a t e r .  Use o f  N - d e p l e t e d  ammonium 
e n a b l e d  t h e s e  a u t h o r s  to  d e t e r m i n e  t h e  q u a n t i t y  o f  added  n i t r o g e n  i n  
p l a n t  t i s s u e s .  The f r a c t i o n  o f  t h e  n i t r o g e n  i n  p l a n t  s h o o t s  d e r i v e d  
from t h e  added  ammonium r a n g e d  f rom 41% i n  J u n e ,  one  month a f t e r  n i t r o ­
gen a p p l i c a t i o n ,  t o  31% i n  S e p te m b e r .  T w e n t y - n i n e  p e r c e n t  o f  t h e
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a d d ed  n i t r o g e n  was p r e s e n t  i n  t h e  a b o v e g ro u n d  p l a n t  b iom ass  i n  
S e p t e m b e r .
In  a r e v i e w  o f  t h e  l i t e r a t u r e  G u nn ison  (1978)  found r e p o r t e d  
v a l u e s  f o r  t o t a l  n i t r o g e n  c o n t e n t  o f  S_. a l t e r n i f l o r a  l e a v e s  r a n g i n g  
from 0 . 5 4  t o  2.23%,. Brannon  (1973) r e p o r t e d  s e a s o n a l  v a r i a t i o n s  o f  
n i t r o g e n  l e v e l s  i n  p l a n t  s h o o t s  v a r y i n g  b e tw ee n  0 . 6 9  and 1.45% in  a 
L o u i s i a n a  m a rsh .  Numerous w o r k e r s  ( V a l i e l a  and T e a l  1974,  Broome 
e t  a l .  1975b,  G a l l a g h e r  1975,  P a t r i c k  and  DeLaune 1976) have  shown 
i n c r e a s e d  n i t r o g e n  c o n t e n t  i n  j>. a l t e r n i f l o r a  t i s s u e  a f t e r  t h e  a d d i ­
t i o n  o f  n i t r o g e n  t o  m arsh  s o i l s .  Broome e t  a l .  (1975b)  found  t h a t  
t h e  p l a n t  n i t r o g e n  c o n t e n t  was c l o s e l y  c o r r e l a t e d  w i t h  th e  r a t e  o f  
n i t r o g e n  a p p l i c a t i o n .
C . N i t r o g e n  T r a n s f o r m a t i o n s  i n  W a t e r l o g g e d  S o i l s
1. M i n e r a l i z a t i o n  and I m m o b i l i z a t i o n
M i n e r a l i z a t i o n  i s  t h e  m i c r o b i a l  c o n v e r s i o n  o f  o r g a n i c  n i t r o g e n  
t o  i n o r g a n i c  n i t r o g e n .  I t  i s  c o m p r i s e d  o f  two d i s t i n c t  p r o c e s s e s :
(1 )  a m m o n i f i c a t i o n ,  w hereby  ammonium i s  formed  from o r g a n i c  n i t r o g e n  
and  (2 )  n i t r i f i c a t i o n ,  i n  w h ich  t h e  ammonium i s  o x i d i z e d  t o  n i t r a t e  
(A le x a n d e r  1 977 ) .  The m i n e r a l i z a t i o n  o f  o r g a n i c  n i t r o g e n  i n  w a t e r ­
logged  s o i l s  u s u a l l y  s t o p s  a t  ammonium b e c a u s e  o f  i n s u f f i c i e n t  
oxygen f o r  ammonium o x i d a t i o n  t o  n i t r a t e  (Ponnamperuma 1 9 7 2 ) .  M i n e r ­
a l i z a t i o n  p r o v i d e s  i n o r g a n i c  n i t r o g e n  f o r  m i c r o b i a l  and  p l a n t  
a s s i m i l a t i o n .
I m m o b i l i z a t i o n  i s  t h e  m i c r o b i a l  c o n v e r s i o n  o f  i n o r g a n i c  n i t r o ­
gen  t o  o r g a n i c  n i t r o g e n .  I t  o c c u r s  s i m u l t a n e o u s l y  w i t h  m i n e r a l i z a t i o n .  
N et  m i n e r a l i z a t i o n  i s  t h e  amount o f  o r g a n i c  n i t r o g e n  c o n v e r t e d  t o
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i n o r g a n i c  n i t r o g e n  m inus  t h e  q u a n t i t y  o f  i n o r g a n i c  n i t r o g e n  a s s i m i l a t e d  
by m i c r o o r g a n i s m s  ( A l e x a n d e r  1 9 7 7 ) .  Measurement o f  i n o r g a n i c  n i t r o g e n  
f o r m a t i o n  d u r i n g  s o i l  i n c u b a t i o n  i n d i c a t e s  n e t  m i n e r a l i z a t i o n  r a t h e r  
t h a n  t o t a l  m i n e r a l i z a t i o n .
N i t r o g e n  m i n e r a l i z a t i o n  and  i m m o b i l i z a t i o n  r a t e s  a r e  s lo w e r  i n  
w a t e r l o g g e d  t h a n  a e r o b i c  s o i l s .  But  th e  low n i t r o g e n  r e q u i r e m e n t  o f  
t h e  a n a e r o b e s  p r e v a l e n t  i n  w a t e r l o g g e d  s o i l s  r e s u l t s  i n  r e l e a s e  o f  
ammonium. C o n s e q u e n t l y ,  n e t  m i n e r a l i z a t i o n  i s  g r e a t e r  i n  w a t e r l o g g e d  
t h a n  w e l l - d r a i n e d  s o i l s  (Tusneem and P a t r i c k  1971,  W ar ing  and Bremmer 
1964) .  Low s o i l  c a r b o n  t o  n i t r o g e n  r a t i o s  e n c o u r a g e  n e t  m i n e r a l i z a ­
t i o n ,  w h e re a s  h i g h  c a r b o n  t o  n i t r o g e n  r a t i o s  f a v o r  n e t  i m m o b i l i z a t i o n  
(Waksman 1927) .
The l i t e r a t u r e  on n i t r o g e n  m i n e r a l i z a t i o n  and i m m o b i l i z a t i o n  i n  
w a t e r l o g g e d  s o i l s  h a s  b e e n  r e v i e w e d  by Tusneem and  P a t r i c k  (1 9 7 1 ) .
2 .  Ammonia V o l a t i l i z a t i o n
V o l a t i l i z a t i o n  o f  f r e e  ammonia from w a t e r l o g g e d  s o i l s  can  be 
s i g n i f i c a n t  i n  s p e c i a l i z e d  c a s e s  w here  h i g h  ammonia c o n c e n t r a t i o n s  
c o e x i s t  w i t h  h i g h  pH. V e n t u r a  and Y o sh id a  (1977)  showed t h a t  v o l a t i l i ­
z a t i o n  o f  ammonium f e r t i l i z e r  a p p l i e d  to  r i c e  s o i l s  was v e r y  s m a l l  
be low  pH 7 .5  b u t  i n c r e a s e d  g r e a t l y  w i t h  i n c r e a s e s  i n  s o i l  pH. Loss  
o f  n i t r o g e n  by way o f  v o l a t i l i z a t i o n  i s  s i g n i f i c a n t l y  l e s s  when 
ammonium f e r t i l i z e r  i s  i n c o r p o r a t e d  i n t o  t h e  s o i l  t h a n  when i t  i s  
b r o a d c a s t  t o  t h e  s u r f a c e  o f  w e t  s o i l  (MacRae and A n c a j a s  1 9 7 0 ) .
Ammonia v o l a t i l i z a t i o n  f rom s o l u t i o n  i n c r e a s e s  w i t h  i n c r e a s i n g  
t e m p e r a t u r e ,  w a t e r  t u r b u l e n c e ,  and w in d s p e e d  (V lek  and Stumpe 1 978) .  
V le k  and  Stumpe (1978)  found  t h a t  t h e  r e s t r i c t i o n  o f  a i r  movement 
above  w a t e r  g r e a t l y  r e d u c e d  t h e  r a t e  o f  v o l a t i l i z a t i o n .  These
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a u t h o r s  s p e c u l a t e d  t h a t  p a s t  m e asu re m en ts  o f  ammonia v o l a t i l i z a t i o n  
l o s s e s  u n d e r  e n c l o s u r e s  w h ich  r e s t r i c t  a i r  movement and exchange  may 
have  been  e r r o n e o u s l y  low.
B o u ld i n  and Al im agno  (1976)  c o n c l u d e d  t h a t  a l g a l  g row th  i n  t h e  
f l o o d w a t e r  o f  r i c e  f i e l d s  may i n d i r e c t l y  i n f l u e n c e  ammonia v o l a t i l i z a ­
t i o n .  D e p l e t i o n  o f  c a r b o n  d i o x i d e  by a l g a e  d u r i n g  p h o t s y n t h e s i s  can  
e l e v a t e  th e  w a t e r  pH t o  l e v e l s  c o n d u c i v e  t o  r a p i d  ammonia v o l a t i l i z a ­
t i o n  .
3 .  N i t r i f i c a t i o n
N i t r i f i c a t i o n  i s  t h e  b i o l o g i c a l  o x i d a t i o n  o f  ammonium t o  n i t r a t e .
A s e l e c t  g roup  o f  a u t o t r o p h i c  b a c t e r i a  t h a t  o b t a i n  t h e i r  e n e r g y  by 
n i t r o g e n  o x i d a t i o n  and t h e i r  c e l l u l a r  c a r b o n  by r e d u c t i o n  o f  c a r b o n  
d i o x i d e  a r e  m a i n l y  r e s p o n s i b l e  f o r  n i t r i f i c a t i o n .  These  n i t r i f y i n g  
b a c t e r i a  r e q u i r e  oxygen and g e n e r a l l y  f u n c t i o n  o p t i m a l l y  a t  pH v a l u e s  
n e a r  n e u t r a l i t y  ( A le x a n d e r  1977) .
As n i t r i f y i n g  b a c t e r i a  a r e  o b l i g a t e  a e r o b e s ,  n i t r i f i c a t i o n  can  
o c c u r  o n ly  i n  a e r o b i c  s o i l s ,  s e d i m e n t s ,  and w a t e r .  L a b o r a t o r y  e x p e r i ­
m en ts  by G r a e t z  e t  a l .  (1973) s u g g e s t e d  r a p i d  n i t r i f i c a t i o n  i n  f r e s h ­
w a t e r  l a k e s  when t h e  o v e r l y i n g  w a t e r  was a e r a t e d .  B i l l e n  (1975)  showed 
t h a t  t h e  o c c u r r e n c e  o f  n i t r i f i c a t i o n  i n  t h e  w a t e r  column o f  a  p o l l u t e d  
E u ro p e a n  e s t u a r y  was r e l a t e d  t o  r e d o x  p o t e n t i a l  and pH; t h e  lower  
r e d o x  l i m i t  was a b o u t  220 mv a t  pH 7 . 5 .  B i l l e n  a l s o  s p e c u l a t e d  t h a t  
mos t  n i t r i f i c a t i o n  o c c u r r e d  i n  t h e  o v e r l y i n g  w a t e r  r a t h e r  t h a n  th e  
s e d im e n t  o f  t h e  e s t u a r y .  E x a m i n a t i o n  o f  two E n g l i s h  r i v e r s  by C u r t i s  
e t  a l .  (1975)  i n d i c a t e d  t h a t  n i t r i f i c a t i o n  t o o k  p l a c e  m a i n l y  i n  t h e  
s e d i m e n t s .  Ho and S c h n e i d e r  ( 1 9 7 6 ) ,  l i k e w i s e ,  c o n c l u d e d  t h a t  t h e  
h i g h e r  l e v e l s  o f  n i t r a t e  i n  t h e  i n t e r s t i t i a l  w a t e r s  t h a n  i n  t h e  w a t e r
co lum ns  o f  L o u i s i a n a  w e t l a n d s  i n d i c a t e d  t h a t  n i t r i f i c a t i o n  o c c u r r e d  
p r i m a r i l y  i n  t h e  s u r f a c e  a e r o b i c  l a y e r  o f  s e d i m e n t .  B i l l e n  (1978) 
o b s e r v e d  t h a t  t h e  zone  o f  n i t r i f i c a t i o n  i n  m a r i n e  s e d i m e n t s  was alway  
s h a l l o w e r  t h a n  o r  e q u a l  t o  t h e  b r o w n i s h ,  o x i d i z e d  s u r f a c e  l a y e r .
N i t r i f i c a t i o n  may a l s o  o c c u r  i n  t h e  o x i d i z e d  r h i z o s p h e r e  o f  
p l a n t s .  However,  p l a n t  r o o t s  can  e x c r e t e  compounds t h a t  i n h i b i t  
n i t r i f i c a t i o n  (Munro 1966,  R ic e  and P an ch o ly  1973) .
Some h e t e r o t r o p h i c  n i t r i f i c a t i o n  i n  w h ich  ammonium o x i d a t i o n  i s  
n o t  t h e  e n e rg y  s o u r c e  f o r  t h e  m i c r o o r g a n i s m s  may be p r e s e n t  i n  s o i l s  
( T a t e  1 977 ) .  But  n i t r i f i c a t i o n  by a u t o t r o p h s  i s  more i m p o r t a n t ,  and 
t h e  s i g n i f i c a n c e  of  h e t e r o t r o p h i c  n i t r i f i c a t i o n  i s  u n c e r t a i n  ( A l e x a n ­
d e r  1977) .
4 .  N i t r a t e  R e d u c t i o n
N i t r a t e  i s  u n s t a b l e  and r e a d i l y  r e d u c e d  upon  d e p l e t i o n  o f  oxyge 
i n  w a t e r l o g g e d  s o i l s  and  s e d i m e n t s .  Two t y p e s  o f  n i t r a t e  r e d u c t i o n  
a r e  d i s t i n g u i s h e d  (Fewson and N i c h o l a s  1961) :  (1 )  n i t r a t e  a s s i m i l a ­
t i o n ,  w hereby  n i t r a t e  i s  r e d u c e d  t o  ammonia w i t h  s u b s e q u e n t  i n c o r p o r ­
a t i o n  i n t o  c e l l  c o n s t i t u e n t s ,  and (2 )  n i t r a t e  r e s p i r a t i o n  or  n i t r a t e  
d i s s i m i l a t i o n ,  w hereby  n i t r a t e  f u n c t i o n s  a s  t h e  t e r m i n a l  e l e c t i o n  
a c c e p t o r  i n  t h e  a b s e n c e  o f  oxygen .  I n  n i t r a t e  r e s p i r a t i o n  t h e  r e d u c ­
t i o n  p r o d u c t s ,  such  a s  n i t r i t e ,  n i t r o u s  o x i d e ,  d i n i t r o g e n  g a s ,  and 
ammonium a r e  e x c r e t e d  by t h e  m i c r o o r g a n i s m s .  D e n i t r i f i c a t i o n  i s  a 
s p e c i a l  k i n d  o f  n i t r a t e  r e s p i r a t i o n  i n  w h ich  t h e  end  p r o d u c t s  a r e  
n i t r o g e n o u s  g a s e s .
D e n i t r i f i c a t i o n  r e s u l t s  i n  t h e  l o s s  o f  s o i l  n i t r o g e n  t o  t h e  
a tm o s p h e r e  a s  g a s e s .  The r e d u c t i o n  o f  n i t r a t e  t o  t h e  more s t a b l e  
ammonium form and  t h e  a s s i m i l a t i o n  o f  n i t r a t e  by s o i l  m i c r o o r g a n i s m s ,
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i n  c o n t r a s t ,  c o n s e r v e  s o i l  n i t r o g e n .
E x t e n s i v e  p a s t  r e s e a r c h  found  i n s i g n i f i c a n t  c o n v e r s i o n  o f  a p p l i e d  
^ N - l a b e l l e d  n i t r a t e - n i t r o g e n  t o  ammonium i n  u p l a n d  s o i l s  i n c u b a t e d  
u n d e r  w a t e r l o g g e d  c o n d i t i o n s  ( B r o a d b e n t  and S t o j a n o v i c  1952,  Nommik 
1956,  W i j l e r  and D e lw iche  1 954 ) .  D e n i t r i f i c a t i o n  a c c o u n t e d  f o r  e s s e n ­
t i a l l y  a l l  n i t r a t e  r e s p i r a t i o n  i n  t h e s e  s o i l s .  R e d u c t i o n  o f  n i t r a t e  
t o  ammonium was f a v o r e d  by s t r i c t  a n a e r o b i c  c o n d i t i o n s ,  a h i g h  pH, and 
l a r g e  q u a n t i t i e s  o f  r e a d i l y  o x i d i z a b l e  o r g a n i c  m a t t e r  (Nommik 1956) .  
A l t h o u g h  s e v e r a l  w o r k e r s  (V erhoeven  1956,  Woods 1938) o b s e r v e d  r e d u c ­
t i o n  o f  n i t r a t e  t o  ammonium i n  p u re  c u l t u r e s  o f  m i c r o o r g a n i s m s ,  
W oldendorp  (1963)  c o n c l u d e d  t h a t  n i t r a t e  r e d u c t i o n  t o  ammonium was 
u n l i k e l y  i n  s o i l , a s  t h e  c o n d i t i o n s  u n d e r  w h ich  t h e  r e a c t i o n  p ro c e e d e d  
i n  p u re  c u l t u r e  do n o t  n o r m a l l y  o c c u r  i n  s o i l .  MacRae e t  a l .  ( 1 9 6 8 ) ,  
i n  c o n t r a s t  w i t h  o t h e r  r e s e a r c h e r s  ( W i j l e r  and D e lw iche  1 9 5 4 ) ,  r e p o r t e d  
s u b s t a n t i a l  c o n v e r s i o n  o f  a p p l i e d  ^ N - l a b e l l e d  n i t r a t e  t o  o r g a n i c  
n i t r o g e n  b u t  n o t  ammonium i n  a s o i l  submerged f o r  6 w eeks .
C o n v e r s i o n  o f  n i t r a t e - n i t r o g e n  t o  o r g a n i c  n i t r o g e n  and ammonium 
can  o c c u r  s i m u l t a n e o u s l y  w i t h  d e n i t r i f i c a t i o n  i n  l a k e  s e d i m e n t s  (Chen 
e t  a l .  1972,  Keeney e t  a l .  1971) and  m a r in e  s e d i m e n t s  (Koike  and 
H a t t o r i  1978a,  S o r e n s e n  1978) .  Chen e t  a l .  (1972)  o b s e r v e d  7 and 37° 
c o n v e r s i o n  o f  added  l a b e l l e d  n i t r a t e  t o  o r g a n i c  n i t r o g e n  and ammonium, 
r e s p e c t i v e l y ,  a f t e r  a 2 -d a y  a n a e r o b i c  i n c u b a t i o n  o f  c a l c a r e o u s  la k e  
s e d i m e n t s .  S o r e n s e n  (1978)  found  t h a t  t h e  c a p a c i t i e s  f o r  n i t r a t e  
r e d u c t i o n  t o  ammonium and  d e n i t r i f i c a t i o n  w ere  s i m i l a r  i n  an  a n a e r o b i ­
c a l l y  i n c u b a t e d  m a r i n e  s e d i m e n t .
a . N i t r a t e  R e d u c t i o n  t o  Ammonium
N i t r a t e  can  be c o n v e r t e d  t o  ammonium and  o r g a n i c  n i t r o g e n  by
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e i t h e r  (1 )  n i t r a t e  a s s i m i l a t i o n  w i t h  s u b s e q u e n t  r a p i d  m i n e r a l i z a t i o n  
o r  (2 )  d i s s i m i l a t o r y  n i t r a t e  r e d u c t i o n .
M i c r o b i o l o g i c a l  s t u d i e s  have shown t h a t  n i t r a t e  a s s i m i l a t o r y  
enzymes a r e  g e n e r a l l y  r e g u l a t e d  by ammonium s a l t s  (Payne  1 973 ) .  S o i l  
m i c r o o r g a n i s m s  ex p o s ed  t o  b o t h  ammonium and n i t r a t e  t e n d  to  p r e f e r  
ammonium f o r  s y n t h e s i s  o f  c e l l u l a r  c o n s t i t u e n t s  (A lexande r  1977) .
Under a n a e r o b i c  c o n d i t i o n s  n i t r a t e  d i s s i m i l a t i o n  p r o c e e d s  a t  a f a s t e r  
r a t e  t h a n  a s s i m i l a t i o n  (Fewson and N i c h o l a s  1 961) .
S e v e r a l  r e s e a r c h e r s  (Chen e t  a l .  1972,  Keeney e t  a l .  1971,
MacRae e t  a l .  1968) assumed t h a t  n i t r a t e  a s s i m i l a t i o n  was r e s p o n s i b l e  
f o r  t h e  f o r m a t i o n  o f  ^ N - l a b e l l e d  o r g a n i c  n i t r o g e n  f rom l a b e l l e d  
n i t r a t e  i n  submerged  s o i l s .  Chen e t  a l .  (1972) c o n c l u d e d  t h a t  ^ N -  
l a b e l l e d  ammonium c o u l d  have  formed from t h e  n i t r a t e  by s u b s e q u e n t  
r a p i d  m i n e r a l i z a t i o n  of  t h e  l a b e l l e d  o r g a n i c  n i t r o g e n .
O t h e r  w o r k e r s  (B u re s h  and P a t r i c k  1978: Koike  and H a t t o r i  1978a;  
S t a n f o r d  e t  a l .  1975a ,  1975b; S o r e n s e n  1 978 ) ,  i n  c o n t r a s t ,  i n d i c a t e d  
t h a t  n i t r a t e  d i s s i m i l a t i o n  was t h e  pa thway  r e s p o n s i b l e  f o r  n i t r a t e  
c o n v e r s i o n  t o  ammonium and o r g a n i c  n i t r o g e n  i n  r e d u c e d  s o i l s  and  
s e d i m e n t s .  S t a n f o r d  e t  a l .  (1975b)  r e p o r t e d  t h a t  t h e  r e d u c t i o n  o f  
^ N - l a b e l l e d  n i t r a t e  t o  ammonium p r e c e d e d  m i c r o b i a l  a s s i m i l a t i o n  of  
l a b e l l e d  n i t r o g e n  i n  g lu c o s e - a m e n d e d  a n a e r o b i c  s o i l s .  The r e s u l t s  of  
t h e s e  a u t h o r s  s u g g e s t e d  t h a t  ammonium r a t h e r  t h a n  n i t r a t e  was t h e  
p r i m a r y  form o f  n i t r o g e n  a s s i m i l a t e d .  B u re s h  and  P a t r i c k  (1978)  c o n ­
c l u d e d  t h a t  s i g n i f i c a n t  c o n v e r s i o n  o f  n i t r a t e  t o  ammonium and o r g a n i c  
n i t r o g e n  r e q u i r e d  e i t h e r  i n t e n s e l y  r e d u c e d  s o i l  c o n c i t i o n s  o r  a  g l u ­
c o s e  amendment.  F e r m e n t a t i v e  a n a e r o b e s ,  such  a s  C l o s t r i d i u m , may be 
r e s p o n s i b l e  f o r  r e d u c t i o n  o f  n i t r a t e  t o  ammonium (Hasan  and H a l l  1975,
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Caskey  and  T i e d j e  1977) .
b . D e n i t r i f i c a t i o n  
D e n i t r i f y i n g  m i c r o o r g a n i s m s  u s e  n i t r a t e  a s  t h e  t e r m i n a l  e l e c t r o n  
a c c e p t o r  f o r  r e s p i r a t i o n  when i n s u f f i c i e n t  q u a n t i t i e s  o f  oxygen  a r e  
a v a i l a b l e  to  mee t  t h e i r  demands.  When b o t h  oxygen  a n d  n i t r a t e  a r e  
p r e s e n t  a s  e l e c t r o n  a c c e p t o r s ,  oxygen  i s  p r e f e r r e d .  C o n s e q u e n t l y ,  
d e n i t r i f i c a t i o n  o c c u r s  i n  s o i l s  o n ly  when oxygen i s  i n  l i m i t e d  s u p p ly  
o r  a b s e n t  ( A le x a n d e r  1977) .
D e n i t r i f y i n g  o rg a n i s m s  a l s o  r e q u i r e  s u b s t r a t e  f o r  c e l l u l a r  g row th  
and a s u p p ly  o f  e l e c t r o n s  f o r  t h e  r e d u c t i o n  o f  n i t r a t e .  S o i l  o r g a n i c  
m a t t e r  g e n e r a l l y  m e e ts  t h e s e  n e e d s .  The r a t e  o f  d e n i t r i f i c a t i o n  i n  
w a t e r l o g g e d  s o i l s  i s  enhanced  by a d d i t i o n  o f  o r g a n i c  m a t e r i a l s  
(Bremner  and Shaw 1 9 5 8 ) ,  and d e n i t r i f i c a t i o n  c a p a c i t y  i s  c o r r e l a t e d  
w i t h  b o t h  t o t a l  and w a t e r - s o l u b l e  o r g a n i c  c a r b o n  i n  s o i l  ( B u r f o r d  and 
Bremner 1975) .  The h i g h  l e v e l s  o f  o r g a n i c  m a t t e r  and t h e  h i g h l y  
r e d u c e d  s t a t u s  o f  L o u i s i a n a  w e t l a n d  s o i l s  and s e d i m e n t s  p r o v i d e  an  
e x c e l l e n t  e n v i ro n m e n t  f o r  d e n i t r i f i c a t i o n .
The i n f l u e n c e  o f  e n v i r o n m e n t a l  f a c t o r s  on d e n i t r i f i c a t i o n  i n  s o i l  
h a s  been  e x t e n s i v e l y  examined by Bremner and Shaw ( 1 9 5 8 ) ,  Nommik (1 9 5 6 ) ,  
and W i j l e r  and D e lw ich e  (1 9 5 4 ) .
5 .  N i t r i f i c a t i o n - D e n i t r i f i c a t i o n  R e a c t i o n s
N i t r i f i c a t i o n  and d e n i t r i f i c a t i o n  can  t a k e  p l a c e  s i m u l t a n e o u s l y  
i n  f l o o d e d  s o i l s  ( P a t r i c k  and Reddy 1976) and  s e d i m e n t s  (Grundmanis  
and  Murray  1977,  Koike and  H a t t o r i  197 8 b ) .  N i t r i f i c a t i o n  c a n  o c c u r  
i n  t h e  o x i d i z e d  s u r f a c e  l a y e r ,  t h e  o x i d i z e d  r h i z o s p h e r e  o f  p l a n t s ,  and 
t h e  o x y g e n a t e d  w a t e r  co lum n,  w h e r e a s  d e n i t r i f i c a t i o n  o c c u r s  w i t h i n  th e  
a n a e r o b i c  zone o f  s o i l s  and  s e d i m e n t s  and i n  a n o x i c  w a t e r s .
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N i t r i f i c a t i o n  i n  t h e  o x i d i z e d  s o i l  zone c r e a t e s  c o n c e n t r a t i o n  
g r a d i e n t s  o f  b o t h  n i t r a t e  and ammonium a c r o s s  t h e  a e r o b i c  and  a n a e r o b i c  
l a y e r s .  Ammonium formed by m i n e r a l i z a t i o n  i n  t h e  a n a e r o b i c  l a y e r  w i l l  
d i f f u s e  i n t o  t h e  a e r o b i c  l a y e r  w here  i t  i s  o x i d i z e d  t o  n i t r a t e  v i a  
n i t r i f i c a t i o n .  The n i c r a t e  w i l l  chen  d i f f u s e  b a c k  i n t o  t h e  a n a e c o b i c  
l a y e r  w here  i t  i s  u n s t a b l e  and r e a d i l y  d e n i t r i f i e d  ( P a t r i c k  and Reddy 
1976,  Reddy e t  a l .  1 976 ) .
N i t r o g e n  l o s s  from w a t e r l o g g e d  s o i l s  by n i t r i f i c a t i o n -  
d e n i t r i f i c a t i o n  r e a c t i o n s  can  be a p p r e c i a b l e ;  t h e  t o t a l  amount o f  
n i t r o g e n  l o s t  u s u a l l y  e x c e e d s  t h e  q u a n t i t y  o f  n i t r a t e  and ammonium 
p r e s e n t  a t  any one t im e  i n  the  o x i d i z e d  s u r f a c e  l a y e r  (Tusneem and 
P a t r i c k  1 9 7 1 ) .  A l t e r n a t e  w e t t i n g  and d r y i n g  o f  s o i l  e n h a n c e s  n i t r o g e n  
l o s s  ( P a t r i c k  and W ya t t  1964,  Reddy and P a t r i c k  1975,  Tusneem and 
P a t r i c k  1971) .  N i t r a t e  formed by n i t r i f i c a t i o n  d u r i n g  t h e  d ry  p e r i o d  
i s  a p p a r e n t l y  l o s t  t h r o u g h  d e n i t r i f i c a t i o n  when t h e  s o i l  i s  r e f l o o d e d .
N i t r i f i c a t i o n - d e n i t r i f i c a t i o n  r e a c t i o n s  do n o t  o c c u r  s i m u l t a n ­
e o u s l y  i n  a l l  w a t e r l o g g e d  s o i l s .  Koike  and  H a t t o r i  (1978b)  d i s t i n ­
g u i s h e d  t h r e e  t y p e s  o f  s e d i m e n t s :  (1 )  h i g h l y  o r g a n i c  s e d i m e n t  i n
w h ich  n i t r a t e  r e d u c t i o n  p r e d o m i n a t e s ,  (2 )  sandy  s e d im e n t  i n  w h ich  
n i t r i f i c a t i o n  p r e d o m i n a t e s ,  and  (3 )  s e d i m e n t  i n  w h ich  n i t r i f i c a t i o n  
and n i t r a t e  r e d u c t i o n  o c c u r  s i m u l t a n e o u s l y .  N i t r o g e n  l o s s  by 
n i t r i f i c a t i o n - d e n i t r i f i c a t i o n  r e q u i r e s  t h e  p r e s e n c e  o f  b o t h  a e r o b i c  
and  a n a e r o b i c  s o i l  z o n e s .
N i t r i f i c a t i o n - d e n i t r i f i c a t i o n  r e a c t i o n s  a r e  a l s o  i n f l u e n c e d  by 
s o i l  o r g a n i c  m a t t e r  c o n t e n t  (Tusneem and  P a t r i c k  1 9 7 1 ) ,  t h i c k n e s s  o f  
t h e  a e r o b i c  s o i l  l a y e r  ( P a t r i c k  and  Reddy 1 9 7 6 ) ,  and t h e  r a t e  o f  
ammonium d i f f u s i o n  (Reddy e t  a l .  1 9 7 6 ) .
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D . Mechanisms o f  N i t r o g e n  Loss  from S a l t  Marshes
N i t r o g e n  i s  l o s t  f rom m a rs h e s  by (1 )  d e n i t r i f i c a t i o n ,  (2 )  e x p o r t  
o f  p l a n t  m a t e r i a l  and  s e d im e n t  by t i d a l  a c t i o n  and e r o s i o n ,  and  (3 )  
ammonia v o l a t i l i z a t i o n .  The main  pa thways  o f  n i t r o g e n  i n p u t  i n t o  s a l t  
m a rs h e s  a r e  (1)  n i t r o g e n  f i x a t i o n ,  (2 )  p r e c i p i t a t i o n ,  and (3)  t r a n s ­
p o r t  o f  s u sp e n d e d  and  d i s s o l v e d  n i t r o g e n  o n to  t h e  marsh  s u r f a c e  by 
t i d e s .  Some m a rs h e s  a l s o  r e c e i v e  n i t r o g e n  from g r o u n d w a te r  f lo w .
1. D e n i t r i f i c a t i o n
D e n i t r i f i c a t i o n  i s  a m a jo r  avenue  o f  n i t r o g e n  l o s s  from s a l t  
m a r s h e s .  A l t h o u g h  t h e  r a t e  o f  p o t e n t i a l  d e n i t r i f i c a t i o n  i s  v e r y  h i g h  
i n  r e d u c e d  m arsh  s o i l ,  t h e  l e v e l  o f  i n  s i t u  d e n i t r i f i c a t i o n  i s  d e p e n ­
d e n t  upon t h e  a v a i l a b i l i t y  o f  n i t r a t e .  N i t r a t e  mus t  be e i t h e r  formed  
t h r o u g h  n i t r i f i c a t i o n  o f  ammonium o r  e l s e  s u p p l i e d  from an  e x t r i n s i c  
s o u r c e  by t i d a l  i n p u t ,  p r e c i p i t a t i o n ,  o r  g r o u n d w a te r  f lo w .
K a p la n  (1977)  found g r e a t e r  r a t e s  o f  d e n i t r i f i c a t i o n  i n  s e d i ­
men ts  f rom t h e  t a l l  t h a n  t h e  s h o r t  S_. a l t e r n i f l o r a  zone  i n  a 
M a s s a c h u s e t t s  s a l t  m a rs h .  He presumed t h a t  g r e a t e r  t i d a l  i n p u t  o f  
n i t r a t e  to  t h e  c r e e k  bank  s e d i m e n t s  was r e s p o n s i b l e  f o r  t h e  g r e a t e r  
d e n i t r i f i c a t i o n  r a t e  i n  t h e  t a l l  jS. a l t e r n i f l o r a  r e g i o n .  H ig h e r  
l e v e l s  o f  i n t e r s t i t i a l  n i t r a t e  w ere  o b s e r v e d  i n  t h e  t a l l  t h a n  t h e  
s h o r t  13. a l t e r n i f l o r a  zone o f  a N o r t h  C a r o l i n a  s a l t  m a rsh  by 
M e n d e l s s o h n  ( 1 9 7 8 ) .
The p r e s e n c e  o f  p l a n t s  may i n f l u e n c e  n i t r o g e n  l o s s .  A l t h o u g h  
n i t r o g e n  a s s i m i l a t i o n  by p l a n t s  c a n  r e d u c e  t h e  l e v e l s  o f  i n o r g a n i c  
n i t r o g e n  i n  s o i l ,  s e v e r a l  a u t h o r s  ( B a i l e y  1976 ,  S t e f a n s o n  1972) have  
found  e n h a n c e d  d e n i t r i f i c a t i o n  i n  t h e  p r e s e n c e  o f  p l a n t s .  S h e r r . a n d  
Payne  (1978)  o b s e r v e d  a s i g n i f i c a n t  r e d u c t i o n  i n  s o i l  d e n i t r i f i c a t i o n
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p o t e n t i a l  18 months a f t e r  th e  re m o v a l  o f  l i v i n g  s h o r t  J3. a l t e r n i f l o r a  
i n  a G e o rg i a  s a l t  m a rs h .  They s u g g e s t e d  t h a t  d e n i t r i f y i n g  m i c r o o r g a n ­
isms were  d e p e n d e n t  upon c a r b o n  s u p p l i e d  by t h e  b e lo w g ro u n d  p r o d u c t i o n  
o f  £3. a l t e r n i f l o r a  .
N i t r o g e n  l o s s  by n i t r i f i c a t i o n - d e n i t r i f i c a t i o n  can  be i n f l u e n c e d  
by r o o t  a c t i v i t y .  £5. a l t e r n i f l o r a  t r a n s p o r t s  oxygen  t o  i t s  r o o t s  
( T e a l  and K anw isher  1966) ;  some o f  t h i s  oxygen  can  t h e n  d i f f u s e  o u t ­
ward  i n t o  t h e  s o i l  c r e a t i n g  a t h i n  o x i d i z e d  r h i z o s p h e r e  w here  ammonium 
may be o x i d i z e d  t o  n i t r a t e .  T h i s  n i t r a t e  can  be e i t h e r  t a k e n  up by 
t h e  p l a n t  o r  l o s t  by d e n i t r i f i c a t i o n  a f t e r  d i f f u s i n g  i n t o  an  a n a e r o b i c  
s o i l  zone .
2.  T i d a l  E x p o r t
I n o r g a n i c  a n d  o r g a n i c  n i t r o g e n  s p e c i e s  a r e  t r a n s p o r t e d  i n t o  and 
o u t  o f  s a l t  m a rs h e s  by t i d a l  a c t i o n .  T e a l  and  V a l i e l a  (1976)  d e t e r ­
mined t h a t  t i d a l  exch a n g e  a c c o u n t e d  f o r  t h e  g r e a t e s t  f l u x  i n  t h e  
n i t r o g e n  b u d g e t  f o r  a M a s s a c h u s e t t s  s a l t  m a rs h .
Measurement o f  n i t r o g e n  i n p u t  and o u t p u t  by t i d a l  a c t i o n  i n  a 
M a s s a c h u s e t t s  s a l t  m a rsh  r e v e a l e d  a n e t  a n n u a l  e x p o r t  o f  ammonium, 
n i t r a t e ,  n i t r i t e ,  d i s s o l v e d  o r g a n i c  n i t r o g e n ,  and p a r t i c u l a t e  n i t r o ­
gen  ( V a l i e l a  e t  a l .  1978b) .  U p take  o f  i n o r g a n i c  n i t r o g e n  by £3. 
a l t e r n i f l o r a  d u r i n g  th e  summer r e s u l t e d  i n  a n e t  im p o r t  o f  d i s s o l v e d  
i n o r g a n i c  n i t r o g e n  t o  t h e  m a rs h .  A l a r g e  e x p o r t  o f  d i s s o l v e d  i n o r ­
g a n i c  n i t r o g e n  i n  m id -A u g u s t  and  S ep te m ber  was a p p a r e n t l y  due to  
l e a c h i n g  o f  n i t r o g e n  f rom s e n e s c e n t  p l a n t s .  T i d a l  a c t i o n  was th e  
main  pa thway  o f  n i t r o g e n  l o s s  from t h i s  s a l t  m a rs h  ( T e a l  and V a l i e l a  
1976) ,  and  d i s s o l v e d  o r g a n i c  n i t r o g e n  and  p a r t i c u l a t e  n i t r o g e n  w ere  
t h e  main  forms o f  n i t r o g e n  e x p o r t e d  ( V a l i e l a  e t  a l .  1978b) .
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M easurem en t  o f  p a r t i c u l a t e  c a r b o n  i n d i c a t e d  t h a t  40% o f  t h e  n e t  a n n u a l  
abo v eg ro u n d  p r o d u c t i o n  o f  a l t e r n i f l o r a  was e x p o r t e d  from th e  m arsh  
( V a l i e l a  e t  a l .  1978b) .
H a in e s  ( I n  p r e s s )  p r e s e n t e d  d a t a  f o r  a G e o r g i a  s a l t  marsh 
s u g g e s t i n g  a n e t  t i d a l  i n p u t  o f  p a r t i c u l a t e  n i t r o g e n  t o  t h e  m a rs h ,  a 
n e t  e x p o r t  o f  d i s s o l v e d  o r g a n i c  n i t r o g e n  f rom th e  m a rs h ,  and  no n e t  
f l u x  o f  i n o r g a n i c  n i t r o g e n .  T hese  f i n d i n g s  a r e  s u p p o r t e d  by r e s e a r c h  
i n  a Long I s l a n d  s a l t  m a rsh  (Woodwell e t  a l .  1977) w h ich  showed an 
i m p o r t  o f  p a r t i c u l a t e  o r g a n i c  m a t e r i a l  and an  e x p o r t  o f  d i s s o l v e d  
o r g a n i c  m a t t e r .
The o b s e r v a t i o n s  o f  h i g h  a n n u a l  e x p o r t  o f  abo v eg ro u n d  p r o d u c t i o n  
i n  L o u i s i a n a  (Day e t  a l .  1973) and A t l a n t i c  c o a s t  s a l t  m a rshes  ( T e a l  
1962) s u g g e s t  a n e t  e x p o r t  o f  o r g a n i c  n i t r o g e n  from s a l t  m a rshes  t o  
a d j a c e n t  e s t u a r i e s .  However,  t h e  d i r e c t i o n  o f  n e t  o r g a n i c  c a rb o n  f l u x  
b e tw ee n  m a rs h e s  and  e s t u a r i e s  i s  now u n c e r t a i n  s i n c e  r e c e n t  s t u d i e s  
(H a in e s  1977,  Woodwell  e t  a l .  1977) have  found  l i t t l e  c a r b o n  e x p o r t  
f rom s a l t  m a r s h e s .
3 .  Ammonia V o l a t i l i z a t i o n
F i e l d  m e a su re m e n t s  o f  ammonia v o l a t i l i z a t i o n  i n  s a l t  m a rs h es  
a r e  e x t r e m e l y  s c a r c e .  N i t r o g e n  l o s s  by ammonia v o l a t i l i z a t i o n  i s  
g e n e r a l l y  assumed t o  be n e g l i g i b l e  and  n o t  i n c l u d e d  i n  n i t r o g e n  b u d ­
g e t s  f o r  s a l t  m a r s h e s .  T e a l  and V a l i e l a  (1976)  u s e d  v a l u e s  o b t a i n e d  
by Raps (1971)  i n  ponds t r e a t e d  w i t h  sewage w a s t e  to  e s t i m a t e  ammonia 
v o l a t i l i z a t i o n  l o s s  f rom a M a s s a c h u s e t t s  s a l t  m a rs h ;  t h e y  c o n c l u d e d  
t h a t  v o l a t i l i z a t i o n  a c c o u n t e d  f o r  l e s s  t h a n  0.1%, o f  t h e  t o t a l  n i t r o ­
gen  o u t p u t s .
B o u l d i n  e t  a l .  (1974)  found  a p p r e c i a b l e  v o l a t i l i z a t i o n  l o s s  o f
ammonium added  t o  a f r e s h w a t e r  pond and c o n c l u d e d  t h a t  ammonia v o l a ­
t i l i z a t i o n  may be a n  i m p o r t a n t  mechanism o f  n i t r o g e n  l o s s  from w a t e r  
b o d i e s .  The f i n d i n g s  o f  B o u l d i n  and Alimagno (1976)  and  V le k  and 
Stumpe (1978)  s u g g e s t  t h a t  most  p a s t  r e s e a r c h  has  u n d e r e s t i m a t e d  th e  
m a g n i tu d e  o f  ammonia v o l a t i l i z a t i o n  i n  f l o o d e d  s o i l s .
MATERIALS AND METHODS
N i t r o g e n  t r a n s f o r m a t i o n s  i n  a L o u i s i a n a  s a l t  marsh  w ere  i n v e s t i ­
g a t e d  i n  t h r e e  i n d e p e n d e n t  e x p e r i m e n t s ,  w hich  a r e  d e s c r i b e d  s e p a r a t e l y .
A. N i t r o g e n  U t i l i z a t i o n  by S p a r t i n a  a l t e r n i f l o r a  i n  a S a l t  Marsh
1 .  S e l e c t e d  S o i l  and P l a n t  P r o p e r t i e s  a t  t h e  Marsh S tudy  S i t e
The v a r i a t i o n  i n  s e l e c t e d  s o i l  and p l a n t  p r o p e r t i e s  w i t h  d i s t a n c e  
away from a s t r e a m  tow ard  an  i n t e r d i s t r i b u t a r y  b a s i n  was i n v e s t i g a t e d  
i n  t h e  s a l t  marsh  n e a r  B a r a t a r i a  Bay,  L o u i s i a n a .  The s t u d y  s i t e  
( 2 9 ° 1 5 'N ,  9 0 ° 9 ’W) was a p p r o x i m a t e l y  6 km n o r t h w e s t  f rom t h e  s t u d y  a r e a  
o f  K i r b y  and  G o s s e l i n k  ( 1 9 7 6 ) .  E i g h t  s a m p l i n g  s i t e s  w e re  s y s t e m a t i ­
c a l l y  e s t a b l i s h e d  a l o n g  a t r a n s e c t  p e r p e n d i c u l a r  t o  a s t r e a m :  t h e  s i t e s  
were  l o c a t e d  1 . 5 ,  4 . 6 ,  7 . 6 ,  1 0 . 7 ,  1 3 . 7 ,  1 6 . 8 ,  1 9 . 8 ,  and 2 2 . 9  m i n l a n d  
from t h e  s t r e a m - p l a n t  i n t e r f a c e .  A s c h e m a t i c  c r o s s - s e c t i o n  o f  t h e  
s t u d y  a r e a  i s  shown i n  F i g u r e  1 .  The s t r e a m s i d e  a r e a ,  w h ich  i s  
s l i g h t l y  h i g h e r  i n  e l e v a t i o n  t h a n  t h e  i n l a n d  a r e a ,  s u p p o r t s  a more 
v i g o r o u s  s t a n d  o f  S_. a l t e r n i f l o r a . M easurement o f  t h e  d e p t h  o f  t h e  
w a t e r  o v e r l y i n g  th e  marsh  s u r f a c e  r e v e a l e d  t h a t  t h e  n a t u r a l  l e v e l  
a l o n g s i d e  t h e  s t r e a m  was a b o u t  9 cm above  t h e  e l e v a t i o n  o f  t h e  f a r t h e s t  
i n l a n d  s i t e .
a . P l a n t  S am pl ing  P r o c e d u r e  
On 23 J u n e  1976 a b o u t  12 v i a b l e  S_. a l t e r n i f l o r a  s h o o t s  were  
t a k e n  a t  e a c h  o f  t h e  6 s a m p l i n g  s i t e s  c l o s e s t  t o  t h e  s t r e a m  and p l a c e d
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Inlandmmm
F i g u r e  1 .  A s c h e m a t i c  c r o s s - s e c t i o n a l  d ia g ra m  o f  t h e  s t u d y  a r e a  i n  a S p a r t i n a  a l t e r n i f l o r a  
s a l t  marsh  n e a r  B a r a t a r i a  Bay,  L o u i s i a n a .
ho
i n  p a p e r  b a g s .  The 2 s i t e s  f a r t h e s t  from t h e  s t r e a m ,  1 9 . 8  and 2 2 .9  m, 
c o n t a i n e d  o n l y  a  few s p a r s e l y  s c a t t e r e d  p l a n t s .  The o c c u r r e n c e  o f  
b a r e  i n l a n d  r e g i o n s  w he re  Ŝ . a l t e r n i f l o r a  had  d i e d  o u t  was p r e v i o u s l y  
m e n t io n e d  by Smith  ( 1 9 7 0 ) .  Upon a r r i v a l  a t  t h e  l a b o r a t o r y  t h e  p l a n t s  
w ere  removed from t h e  b a g s ,  washed  w i t h  d e i o n i z e d  w a t e r ,  and d r i e d  i n  
an  oven  a t  60°C. The sam p le s  w e re  t h e n  g round  w i t h  a W i ley  m i l l  t o  
p a s s  t h r o u g h  a 40-mesh  s i e v e  and s t o r e d  i n  a i r t i g h t  g l a s s  b o t t l e s  
u n t i l  a n a l y s i s  f o r  t o t a l  n i t r o g e n .
The a v e r a g e  p l a n t  h e i g h t  a t  each  s i t e  was m e a su re d  w i t h  a m e t e r -  
s t i c k  on 23 J u n e  1976 .
On 23 S ep te m ber  1976 t h e  t o t a l  abo v eg ro u n d  ^5. a l t e r n i f l o r a  b i o -
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mass was h a r v e s t e d  i n  a 1 m a r e a  a t  t h e  6 s a m p l in g  s i t e s  c l o s e s t  to  
t h e  s t r e a m .  The p l a n t  m a t e r i a l ,  l i v e  p l u s  d e a d ,  was t r a n s p o r t e d  i n  
b u r l a p  b a g s  to  t h e  l a b o r a t o r y  w here  i t  was d r i e d  and w e ig h e d .  A s u b ­
sam ple  o f  a b o u t  10 p l a n t  s h o o t s  was randomly  t a k e n  from eac h  s a m p le ,  
g round  t o  p a s s  t h r o u g h  a 40-mesh s i e v e ,  and s t o r e d  i n  a i r t i g h t  g l a s s  
b o t t l e s  u n t i l  a n a l y s i s  f o r  t o t a l  n i t r o g e n ,
b . S o i l  S am p l in g  P r o c e d u r e
Two s o i l  c o r e s  w e re  o b t a i n e d  w i t h  an aluminum c y l i n d e r ,  9 . 7  cm 
i n  d i a m e t e r  and 15 cm i n  h e i g h t ,  a t  e ac h  s i t e  on 23 J u n e  1976.  The 
aluminum c y l i n d e r  was s h a r p e n e d  on one end t o  e n a b l e  i t  t o  be  t w i s t e d  
i n t o  t h e  s o i l  w i t h  m in im a l  s o i l  c o m p a c t i o n .  Once f o r c e d  i n t o  t h e  
s o i l ,  t h e  c y l i n d e r  was s h o v e l e d  up w i t h  a s  l i t t l e  d i s t u r b a n c e  o f  t h e  
c o r e  a s  p o s s i b l e .  E x c e ss  s o i l  on t h e  b o t t o m  o f  t h e  c o r e  was d i s c a r d e d ,  
and t h e n  t h e  s o i l  was removed from t h e  aluminum c y l i n d e r  and  p l a c e d  
i n  a p l a s t i c  bag  f o r  t r a n s p o r t  t o  t h e  l a b o r a t o r y .  E x c e ss  a i r  was 
f o r c e d  o u t  o f  t h e  b a g ,  and  t h e  bag  was s e a l e d .  One c o r e  from eac h
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s i t e  was i m m e d i a t e l y  s t o r e d  a t  4°C upon a r r i v a l  a t  t h e  l a b o r a t o r y .
A s e d im e n t  s am p le  was a l s o  o b t a i n e d  w i t h  a s h o v e l  on 23 J u n e  
1976 from t h e  b o t t o m  o f  t h e  s t r e a m  a p p r o x i m a t e l y  4 m f rom t h e  s t r e a m -  
p l a n t  i n t e r f a c e  w he re  t h e  m arsh  t r a n s e c t  b e g a n .  T h i s  s am p le  was 
h a n d l e d  i n  t h e  same f a s h i o n  a s  t h e  s o i l  c o r e s  s t o r e d  a t  4°C.
c . D e t e r m i n a t i o n  o f  S o i l  B u lk  D e n s i t y
The u n r e f r i g e r a t e d  s o i l  c o r e  f rom e a c h  s i t e  was p l a c e d  i n  a p a n ,  
s l i c e d  t o  e x p e d i t e  d r y i n g ,  d r i e d  i n  an  oven  a t  95°C,  and t h e n  w e ighed  
to  d e t e r m i n e  t h e  amount o f  d r y  m a t t e r .  S o i l  d e n s i t y  was c a l c u l a t e d  
from a know ledge  o f  t h e  volume o f  t h e  aluminum c y l i n d e r  and t h e  dry  
w e i g h t  o f  t h e  s o i l  c o r e .
d . D e t e r m i n a t i o n  o f  E x t r a c t a b l e  Ammonium-Nitrogen
One day a f t e r  s a m p l i n g ,  t h e  s o i l  c o r e s  s t o r e d  a t  4°C were  
e x t r a c t e d  w i t h  IN sod ium a c e t a t e  a d j u s t e d  t o  pH 4 . 5  w i t h  h y d r o c h l o r i c  
a c i d .  A p p r o x im a t e ly  100 g sam p le s  o f  s o i l  t a k e n  a l o n g  t h e  e n t i r e  15 
cm l e n g t h  o f  t h e  c o r e s  were  added  t o  w e ig h e d  500-ml p o l y p r o p y l e n e  
c e n t r i f u g e  b o t t l e s  c o n t a i n i n g  200 ml o f  e x t r a c t i n g  s o l u t i o n .  The 
b o t t l e s  were  t h e n  r e w e ig h e d  t o  d e t e r m i n e  t h e  w e t  s am p le  w e i g h t .  The 
sam p le s  w ere  n e x t  s h a k e n  on a m e c h a n i c a l  s h a k e r  f o r  1 h o u r  and c e n t r i ­
fuged  a t  5 ,0 0 0  rpm f o r  15 m i n u t e s .  The s o l u t i o n  was d e c a n t e d ,  vacuum 
f i l t e r e d  t h r o u g h  a 0 . 4 5  pm m i l l i p o r e  f i l t e r ,  added  t o  a p o l y e t h y l e n e  
b o t t l e ,  and f r o z e n  u n t i l  a n a l y s i s  f o r  ammonium. D u p l i c a t e  e x t r a c t i o n s  
were  c o n d u c t e d  on e a c h  s o i l  c o r e .
The d ry  m a t t e r  c o n t e n t  o f  e a c h  s o i l  c o r e  was o b t a i n e d  i n  o r d e r  
to  c o n v e r t  t h e  w e t  sample  w e i g h t s  d e t e r m i n e d  d u r i n g  e x t r a c t i o n  t o  a 
u n i f o r m  d r y  w e i g h t  b a s i s .  A sam p le  o f  w e t  s o i l  was p l a c e d  i n  a p r e ­
w e ig h ed  b e a k e r  and w e ig h e d .  The s a m p le  was t h e n  oven  d r i e d  a t  105°C
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and r e w e ig h e d .  Dry m a t t e r  c o n t e n t  was o b t a i n e d  f rom a know ledge  o f  
t h e  w e t  and  oven d ry  s o i l  w e i g h t s .
Ammonium-nit rogen  i n  t h e  e x t r a c t  was d e t e r m i n e d  w i t h  an  ammonia 
e l e c t r o d e  (O r io n  Model 9 5 - 1 0 ) .  A p p r o x im a t e ly  30 ml o f  s am p le  was 
t r a n s f e r r e d  to  a 50 -ml b e a k e r ,  a s t i r  b a r  was a d d e d ,  and t h e  b e a k e r  
was p l a c e d  on a m a g n e t i c  s t i r r e r  w h ich  was t h e n  a c t i v a t e d .  One ml o f  
10N_ sodium h y d r o x i d e  was t h e n  a d d e d ,  and t h e  e l e c t r o d e  was i m m e d i a t e l y  
immersed i n t o  t h e  s o l u t i o n .  A f t e r  an e q u i l i b r a t i o n  p e r i o d  t h e  p o t e n ­
t i a l  was r e a d  on t h e  "Expanded MV" s c a l e  o f  a Beckman Expandom at ic  
SS-2 pH m e t e r .
A c a l i b r a t i o n  c u rv e  was p r e p a r e d  w i t h  s t a n d a r d s  c o n t a i n i n g  from
0 . 1  t o  20 yg /m l  am m onium -n i t rogen  i n  IN sod ium a c e t a t e .  Each s t a n d a r d  
was added  t o  a 50-ml b e a k e r ,  and t h e  p o t e n t i a l  was o b t a i n e d  i n  t h e  
same f a s h i o n  a s  p r e v i o u s l y  i n d i c a t e d .  Ammonium c o n c e n t r a t i o n  i n  t h e  
e x t r a c t  was r e a d  f i ’om a c a l i b r a t i o n  c u r v e  o f  p o t e n t i a l  (mv) v e r s u s  l o g  
c o n c e n t r a t i o n  ( y g / m l ) . T o t a l  yg o f  a m m on ium -n i t rogen  i n  t h e  s o i l  
sample  was th e  p r o d u c t  o f  am m onium -n i t rogen  c o n c e n t r a t i o n  i n  t h e  
e x t r a c t  and t h e  volume i n  t h e  s o i l  s am p le  p l u s  t h e  200 ml o f  added  
e x t r a c t i n g  s o l u t i o n :
+ +yg NH^-N = yg /m l  NH^-N i n  e x t r a c t  x (m l  w a t e r  i n  s am p le  + 200)
The volume o f  w a t e r  i n  each  sam ple  was o b t a i n e d  f rom t h e  d e t e r m i n a t i o n  
o f  d ry  m a t t e r  c o n t e n t .
A n a l y t i c a l  r e s u l t s  were  r e p o r t e d  on b o t h  a s o i l  d ry  w e i g h t  ( y g /g )
3
and volume b a s i s  (yg /cm ) .  S o i l  d e n s i t y  v a l u e s  w ere  u s e d  t o  c o n v e r t  
t h e  d r y  w e i g h t  d a t a  to  volume e x p r e s s i o n s :
3 3volume e x p r e s s i o n  (ug /cm ) = w e i g h t  e x p r e s s i o n  ( p g / g )  x d e n s i t y  (g /cm
e .  D e t e r m i n a t i o n  o f  T o t a l  N i t r o g e n
A s o i l  s am p le  from a l o n g  t h e  e n t i r e  l e n g t h  o f  e a c h  c o r e  sampled  
f o r  e x t r a c t a b l e  am m onium -n i t rogen  was d r i e d  i n  an oven  a t  60°C, g round 
t o  p a s s  t h r o u g h  a 40-mesh  s i e v e  and s t o r e d  i n  an a i r t i g h t  g l a s s  b o t t l e  
u n t i l  a n a l y s e s  w ere  c o n d u c t e d .
T o t a l  n i t r o g e n  ( o r g a n i c  p l u s  am m onium -n i t rogen )  i n  t h e s e  s o i l s  
and t h e  Ju n e  and S e p te m b e r  p l a n t  s am p le s  was d e t e r m i n e d  by t h e  m a c ro -  
K j e l d a h l  method  (Bremner 1 9 6 5 a ) .  E i t h e r  5 g o f  s o i l  o r  1 . 5  g o f  p l a n t  
m a t e r i a l  was p l a c e d  i n  a 650-ml K j e l d a h l  f l a s k .  Ten ml o f  d e i o n i z e d  
w a t e r  was t h e n  added  and t h e  f l a s k  was a l l o w e d  t o  s t a n d  f o r  20 m i n u t e s  
Ten g o f  d i g e s t i o n  m i x t u r e  (10 p a r t s  p o t a s s i u m  s u l f a t e : 1  p a r t  c o p p e r  
s u l f a t e : 0 . 1  p a r t  s e l e n i u m ) ,  30 ml o f  c o n c e n t r a t e d  s u l f u r i c  a c i d ,  and 
6 g l a s s  b e a d s  w ere  n e x t  a d d e d .  The f l a s k  was t h e n  s w i r l e d  t o  mix  t h e  
c o n t e n t s .  The d i g e s t i o n  t h e n  commenced and c o n t i n u e d  f o r  2 . 3  h o u r s  
a f t e r  t h e  s o l u t i o n  c l e a r e d .  A f t e r  d i g e s t i o n  t h e  f l a s k  x^as a l l o w e d  to  
c o o l ;  175 ml o f  d e i o n i z e d  w a t e r  was a d d e d ,  and t h e  f l a s k  was a l l o w e d  
to  s t a n d  o v e r n i g h t .  One h u n d r e d  ml o f  40% sodium h y d r o x i d e  and 2 g o f  
z i n c  w ere  th e n  a d d e d .  The f l a s k  was a t t a c h e d  t o  t h e  d i s t i l l a t i o n  
a p p a r a t u s ,  t h e  c o n t e n t s  w ere  mixed by s w i r l i n g ,  and d i s t i l l a t i o n  t h e n  
commenced. About 175 ml o f  d i s t i l l a t e  was c o l l e c t e d  i n  2 5 .0  ml o f
0.1N s u l f u r i c  a c i d .  E x c e s s  a c i d  was b a c k - t i t r a t e d  w i t h  s t a n d a r d  0.1N 
sod ium h y d r o x i d e .  The p e r c e n t a g e  o f  n i t r o g e n  was d e t e r m i n e d  by t h e  
f o l l o w i n g  e q u a t i o n  ( J a c k s o n  1 9 5 8 ) :
% n i t r o g e n  i n  s o i l  o r  p l a n t  m a t e r i a l  = (B-T) x N x - ,
u
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w here  B i s  t h e  ml o f  s t a n d a r d  sodium h y d r o x i d e  r e q u i r e d  t o  t i t r a t e  t h e  
s u l f u r i c  a c i d  r e c e i v i n g  t h e  d i s t i l l a t e  o f  a  b l a n k ,  T i s  t h e  ml o f  
s t a n d a r d  sodium h y d r o x i d e  r e q u i r e d  t o  t i t r a t e  t h e  s u l f u r i c  a c i d  
r e c e i v i n g  t h e  d i s t i l l a t e  o f  t h e  s a m p l e ,  N i s  t h e  n o r m a l i t y  o f  t h e  
s t a n d a r d  sodium h y d r o x i d e ,  and S i s  t h e  g o f  s a m p le ,
f . D e t e r m i n a t i o n  o f  S o i l  Carbon
A su b sa m p le  f rom  eac h  oven d r i e d  s o i l  sam ple  a n a l y z e d  f o r  t o t a l  
n i t r o g e n  was g round  t o  p a s s  t h r o u g h  a 100-mesh s i e v e  and  t h e n  a n a l y z e d  
f o r  t o t a l  c a r b o n  by d ry  c o m b u s t io n  ( A l l i s o n  e t  a l .  1 9 6 5 ) .  A 0 . 1  g 
sample  o f  s o i l  was i g n i t e d  i n  a f u r n a c e  a t  950°C, and t h e  e v o l v e d  c a r ­
bon  d i o x i d e  was c o l l e c t e d  i n  a gas  a b s o r p t i o n  b u l b  c o n t a i n i n g  a s c a r i t e .  
The i n c r e a s e  i n  w e i g h t  o f  t h e  a b s o r p t i o n  b u l b ,  c o r r e c t e d  f o r  a  b l a n k ,  
r e p r e s e n t e d  t h e  c a r b o n  d i o x i d e  f rom t h e  s a m p l e .  The s o i l  s am p le  was 
c o v e r e d  w i t h  p r e v i o u s l y  com busted  s o i l  b e f o r e  i n t r o d u c t i o n  i n t o  t h e  
f u r n a c e  i n  o r d e r  t o  p r e v e n t  " f l a s h i n g "  o f  t h e  o r g a n i c  m a t t e r  i n  t h e  
s a m p l e .  F i f t e e n  m i n u t e s  w ere  r e q u i r e d  f o r  c o m p le te  c o m b u s t i o n .
C a r b o n a t e  c o n t e n t  o f  t h e s e  s o i l s  was l e s s  t h a n  1% o f  t h e  t o t a l  
c a r b o n .  C o n s e q u e n t l y ,  t o t a l  c a r b o n  a p p r o x i m a t e d  o r g a n i c  c a r b o n ,  and 
o r g a n i c  m a t t e r  i n  t h e  s o i l  was c a l c u l a t e d  by m u l t i p l y i n g  t o t a l  c a r b o n  
by t h e  f a c t o r  1 . 7 2 4 .  W i lson  and S t a k e r  (1932)  found  t h i s  f a c t o r  
a c c e p t a b l e  f o r  t h e  c o n v e r s i o n  o f  o r g a n i c  c a r b o n  t o  o r g a n i c  m a t t e r  c o n ­
t e n t  i n  p e a t s .
2.  E f f e c t  o f  Added N i t r o g e n  on N i t r o g e n  Uptake  and Growth o f  
S p a r t i n a  a l t e r n i f l o r a
U t i l i z a t i o n  o f  added  n i t r o g e n  by S_. a l t e r n i f l o r a  was i n v e s t i g a ­
t e d  a t  an i n l a n d  m arsh  l o c a t i o n  a d j a c e n t  t o  t h e  p r e v i o u s l y  d e s c r i b e d  
t r a n s e c t .
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a . A p p l i c a t i o n  o f  Ammonium-Nitrogen
The e x p e r i m e n t a l  l a y o u t  was i d e n t i c a l  t o  t h a t  o f  P a t r i c k  and
DeLaune ( 1 9 7 6 ) .  N i t r o g e n  i n  t h e  form o f  ^ N - d e p l e t e d  ammonium s u l f a t e
2was added  t o  f o u r  s e p a r a t e  4 m p l o t s  a t  t h e  r a t e  o f  200 kg n i t r o g e n /
h a .  Ammonium- r a t h e r  t h a n  n i t r a t e - n i t r o g e n  was u s e d  s i n c e  n e a r l y  a l l
t h e  i n o r g a n i c  n i t r o g e n  i n  t h e  m arsh  s o i l  i s  found  i n  t h e  ammonium form.
2
T r i s o d i u m  p h o s p h a t e  was a l s o  added  t o  f o u r  a d d i t i o n a l  4 m p l o t s  a t
2t h e  r a t e  o f  200 kg p h o s p h o r u s / h a .  Four  4 m c o n t r o l  p l o t s  r e c e i v i n g  
no added n i t r o g e n  o r  p h o s p h o ru s  w e re  i n c l u d e d  i n  t h e  e x p e r i m e n t .
The ammonium s u l f a t e  and t r i s o d i u m  p h o s p h a t e  w ere  added  i n  powder 
form.  The m a t e r i a l  r e q u i r e d  f o r  eac h  p l o t  was w e ig h ed  i n t o  100 e q u a l  
b a t c h e s .  Each b a t c h  was t h e n  w rapped  i n  t i s s u e  p a p e r ,  and on 19 May 
1976 th e y  were  p u s h e d  by hand  a b o u t  3 to  10 cm b e lo w  t h e  s o i l  s u r f a c e  
i n  a u n i f o r m  g r i d  p a t t e r n  a t  e ac h  p l o t . The p l o t s  w e re  l o c a t e d  a b o u t  
12 m i n l a n d  from t h e  s t r e a m - p l a n t  i n t e r f a c e .
L a b e l l e d  n i t r o g e n  was employed  t o  d i s t i n g u i s h  b e tw ee n  t h e  s o i l  
n i t r o g e n  and t h e  added  n i t r o g e n  t a k e n  up by S_. a l t e r n i f l o r a . The N 
c o n t e n t  o f  t h e  added  ^ N - d e p l e t e d  ammonium s u l f a t e  was 0 . 0 0 5  atom % 
compared t o  0 . 3 5 7  atom % f o r  t h e  n a t i v e  s o i l  n i t r o g e n .
b . P l a n t  S am pl ing  P r o c e d u r e
Some 10 to  12 p l a n t  s h o o t s  were  randomly  t a k e n  a t  t h e  t im e  o f  
n i t r o g e n  and p h o s p h o r u s  a d d i t i o n  and th e n  m o n th ly  f rom e a c h  p l o t  
t h r o u g h  S e p te m b e r .  P l a n t  s a m p le s  r e p r e s e n t i n g  new g ro w th  w ere  a l s o  
o b t a i n e d  t h e  f o l l o w i n g  y e a r  on 18 A p r i l  1977 from t h e  n i t r o g e n  and 
c o n t r o l  p l o t s .  The p l a n t  s a m p le s  w e re  washed w i t h  d e i o n i z e d  w a t e r ,  
d r i e d  i n  an  oven  a t  60°C, g round  t o  p a s s  t h r o u g h  a 40-mesh  s i e v e ,  and 
s t o r e d  i n  s e a l e d  g l a s s  b o t t l e s  u n t i l  a n a l y s i s  f o r  t o t a l  n i t r o g e n .
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2 ?On 23 S ep tem ber  1976 a i m  a r e a  i n  t h e  c e n t e r  o f  each  4 m p l o t
was h a r v e s t e d  f o r  t o t a l  ab o v e g ro u n d  b i o m a s s .  Care had  b e e n  t a k e n  n o t
2
t o  remove p l a n t  s am p le s  from t h e  1 m c e n t e r  a r e a  d u r i n g  e a r l i e r  
s a m p l i n g s .
Two s o i l  c o r e s  w ere  o b t a i n e d  w i t h  PVC c y l i n d e r s ,  10 cm i n  d iam­
e t e r  and 20 cm i n  h e i g h t ,  at: e a c h  n i t r o g e n  p l o t  and  2 o f  t h e  ch e c k  p l o t s  
on 23 S ep tem ber  1976 .  The PVC c y l i n d e r s  w ere  s h a r p e n e d  a t  one end to  
e n a b l e  them t o  be  t w i s t e d  i n t o  t h e  s o i l  w i t h  m in im a l  s o i l  c o m p a c t i o n .
The c o r e s  w e re  t r a n s p o r t e d  to  t h e  l a b o r a t o r y  i n  s e a l e d  p l a s t i c  b a g s .  
M a c r o - o r g a n i c  m a t t e r  i n  e a c h  c o r e  was t h e n  s e p a r a t e d  from t h e  s o i l  by 
w a s h in g  on a 16-mesh s i e v e .  The p l a n t  m a t e r i a l  n o t  p a s s i n g  t h r o u g h  
t h e  s i e v e  was p l a c e d  i n  a p a p e r  b a g ,  d r i e d  i n  an oven a t  60°C, w e ig h e d ,  
g round to  p a s s  t h r o u g h  a 40-mesh s i e v e ,  and s t o r e d  i n  a g l a s s  b o t t l e .
No a t t e m p t  was made t o  s e p a r a t e  l i v e  and dead  p l a n t  m a t e r i a l ,
c . L a b e l l e d  N i t r o g e n  D e t e r m i n a t i o n  
T o t a l  n i t r o g e n  i n  t h e  p l a n t  s a m p le s  was d e t e r m i n e d  by t h e  m a c ro -  
K j e l d a h l  method p r e v i o u s l y  d e s c r i b e d .  The t i t r a t e d  sam p le s  were  imme­
d i a t e l y  a c i d i f i e d  w i t h  4 d r o p s  o f  50% s u l f u r i c  a c i d  and th e n  
e v a p o r a t e d  on a h o t  p l a t e  so  t h a t  t h e  f i n a l  s o l u t i o n  c o n t a i n e d  
a p p r o x i m a t e l y  1 mg n i t r o g e n / m l .
L a b e l l e d  n i t r o g e n  a n a l y s i s  was c o n d u c t e d  on a Dupont Model 21- 
614 mass s p e c t r o m e t e r  w i t h  t h e  p r o c e d u r e  d e s c r i b e d  by Bremner  (1965c)  . 
Ammonium i n  t h e  sam p le  was o x i d i z e d  t o  n i t r o g e n  gas  w i t h  sodium 
h y p o b r o m i t e .  The gas  was a l l o w e d  t o  expand  i n t o  t h e  i o n i z i n g  p o r t i o n  
o f  t h e  mass s p e c t r o m e t e r  and t h e  p e a k s  f rom m/e  28 t o  m/e 32 were  
s c a n n e d  and r e c o r d e d  on c h a r t  p a p e r .  Atom % ^^N was c a l c u l a t e d  from 
t h e  e q u a t i o n :
atom % 15N = ------------  ,
2R + 1
where  R i s  t h e  r a t i o  o f  t h e  m/e 28 peak  h e i g h t  t o  t h e  m/e 29 peak  
h e i g h t  f o r  t h e  s a m p le .
The amount o f  l a b e l l e d  n i t r o g e n  r e c o v e r e d  i n  t h e  p l a n t  sample  was 
e q u i v a l e n t  t o :
T ( a - b )
( d -b )
w here  T i s  t h e  t o t a l  q u a n t i t y  o f  n i t r o g e n  i n  t h e  s a m p le ,  and a ,  b ,  and
15d a r e  t h e  atom % N c o n t e n t s  i n  t h e  s a m p le ,  t h e  s t a n d a r d ,  and t h e  
o r i g i n a l  added  t r a c e r  compound,  r e s p e c t i v e l y .  P l a n t  s a m p le s  from th e  
c o n t r o l  p l o t s  were  u sed  a s  s t a n d a r d s .
B . N i t r o g e n  Uptake  and Loss  i n  S o i l  Cores  w i t h  and w i t h o u t  S p a r t i n a  
a l t e r n i f l o r a
1 .  D e s c r i p t i o n  o f  S o i l  Cores
S o i l  c o r e s  a b o u t  23 cm i n  d i a m e t e r  and 20 cm i n  h e i g h t  w ere  
o b t a i n e d  from t h e  s a l t  m arsh  a d j a c e n t  t o  t h e  t r a n s e c t  on  28 A p r i l  1976.  
E i g h t  c o r e s  w i t h  v i g o r o u s  s t a n d s  o f  jB. a l t e r n i f l o r a  w ere  t a k e n  a p p r o x i ­
m a t e l y  1 m i n l a n d  f rom t h e  s t r e a m ,  and f o u r  s o i l  c o r e s  w i t h o u t  p l a n t s  
w ere  t a k e n  a t  t h e  s t r e a m - p l a n t  i n t e r f a c e .  The c o r e s  w ere  t r a n s p o r t e d  
i n  p a i l s  t o  t h e  g r e e n h o u s e  w he re  t h e y  w ere  t r a n s f e r r e d  i n t o  c e r a m ic  
p o t s ,  21 cm i n  d i a m e t e r  and 24 cm i n  h e i g h t .  E xce ss  s o i l  was removed 
from t h e  s i d e s  o f  t h e  c o r e s  i n  o r d e r  f o r  them t o  f i t  i n t o  t h e  p o t s .  
W ate r  o b t a i n e d  f rom t h e  m a rsh  s t r e a m  was t h e n  added  to  e a c h  p o t  u n t i l  
t h e  s o i l  was c o v e r e d  w i t h  a 4-cm l a y e r  o f  w a t e r .
F our  c o r e s  c o n t a i n i n g  S_. a l t e r n i f l o r a  and t h e  4 c o r e s  w i t h o u t
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p l a n t s  w ere  c o n s t a n t l y  f l o o d e d  w i t h  a 4-cm l a y e r  o f  w a t e r ;  t a p  w a t e r  
was added  d a i l y  to  r e p l a c e  t h e  w a t e r  l o s t  by e v a p o t r a n s p i r a t i o n .  Four  
c o r e s  w i t h  J3. a l t e r n i f l o r a  w ere  a l t e r n a t e l y  w a t e r l o g g e d  and d r i e d ;  
s u f f i c i e n t  w a t e r  t o  form a 4-cm l a y e r  on t h e  s o i l  s u r f a c e  was added  
e v e r y  10 d a y s .  The s o i l  i n  t h i s  t r e a t m e n t  u n d e rw en t  more ex t re m e  
d r y i n g  t h a n  t y p i c a l l y  o b s e r v e d  i n  t h e  marsh  d u r i n g  t h e  summer m o n th s .
The s o i l - w a t e r  and s o i l - p l a n t - w a t e r  s y s t e m s  w ere  a l l o w e d  to  
e q u i l i b r a t e  i n  t h e  g r e e n h o u s e  f o r  25 days  b e f o r e  a d d i t i o n  o f  n i t r o g e n .
2 .  A p p l i c a t i o n  o f  Ammonium-Nitrogen
15 N - e n r i c h e d  ammonium s u l f a t e  was added  t o  eac h  s o i l  c o r e  i n  10 
e q u a l  i n c r e m e n t s .  The a d d i t i o n s  began  on 24 May and w ere  s p a c e d  14 
days  a p a r t .  One h u n d r e d  ml o f  ammonium s u l f a t e  s o l u t i o n  c o n t a i n i n g  25 
mg o f  n i t r o g e n  was i n c l u d e d  i n  each  a d d i t i o n  to  t h e  s o i l  w i t h  a p l a s t i c  
s y r i n g e  a t t a c h e d  t o  a 1 0 -g au g e  n e e d l e .  The s o l u t i o n  was u n i f o r m l y  
added  a t  3 d e p t h s  ( 3 ,  9 ,  and 15 cm) i n  10 d i f f e r e n t  l o c a t i o n s  e s t a b ­
l i s h e d  w i t h  a g r i d  p a t t e r n .  Each ammonium a p p l i c a t i o n  was a p p r o x i ­
m a t e l y  e q u a l  to  10 yg n i t r o g e n / g  s o i l  on a d ry  w e i g h t  b a s i s .
The t o t a l  q u a n t i t y  o f  n i t r o g e n  added was e q u i v a l e n t  t o  72 k g / h a .
3.  P l a n t  and  S o i l  Sampl ing  P r o c e d u r e
On 16 O c t o b e r ,  19 days  a f t e r  t h e  l a s t  n i t r o g e n  a d d i t i o n ,  t h e  
e x p e r i m e n t  was t e r m i n a t e d .  The S_. a l t e r n i f l o r a  was c l i p p e d  o f f  a t  t h e  
s o i l  s u r f a c e ,  w ashed  w i t h  d e i o n i z e d  w a t e r ,  p l a c e d  i n  p a p e r  b a g s ,  d r i e d  
i n  an oven  a t  60°C, and w e ig h e d .
The s o i l  c o r e s  w ere  d r i e d  i n  an oven  a t  55°C f o r  3 d a y s .  The 
s o i l  was t h e n  removed from t h e  p o t s ,  p l a c e d  i n  p a n s ,  s l i c e d  to  e x p e ­
d i t e  d r y i n g ,  and d r i e d  a g a i n  a t  55°C.  The o v e r l y i n g  w a t e r  i n  t h e  
c o n s t a n t l y  f l o o d e d  c o r e s  was a c i d i f i e d  w i t h  3 ml o f  IN h y d r o c h l o r i c
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a c i d  b e f o r e  d r y i n g  i n  o r d e r  t o  p r e v e n t  ammonia v o l a t i l i z a t i o n  d u r i n g  
t h e  d r y i n g  p r o c e s s .  No a t t e m p t  was made to  s e p a r a t e  p l a n t  r o o t s  and 
rh iz o m e s  from t h e  s o i l .  A f t e r  d r y i n g ,  t h e  s o i l  a l o n g  w i t h  t h e  b e lo w -  
g round  p l a n t  m a t e r i a l  was w e ig h e d ,  g round  t o  p a s s  t h r o u g h  a 40-mesh 
s i e v e ,  m ixed ,  and s t o r e d  i n  g l a s s  b o t t l e s .
The b e low ground  p l a n t  m a t e r i a l  and s o i l  from eac h  r e p l i c a t i o n  
w ere  n o t  s e p a r a t e d ,  b u t  r a t h e r  t h e y  w ere  t r e a t e d  and a n a l y z e d  as  a 
s i n g l e  u n i t .  The p r o c e s s  f o r  s e p a r a t i o n  o f  p l a n t  r o o t s  and rh izo m es  
f rom s o i l  by w a s h in g  t h r o u g h  a s i e v e  t h a t  r e t a i n s  t h e  m a c r o - o r g a n i c  
m a t t e r  would p r o b a b l y  r e s u l t  i n  t h e  l o s s  o f  some o f  t h e  s o i l .  As t h e  
p r i m a r y  o b j e c t i v e  o f  t h i s  e x p e r i m e n t  was t o  m e asu re  n i t r o g e n  l o s s  from 
s o i l - p l a n t  s y s t e m s  by  t h e  r e c o v e r y  o f  a p p l i e d  n i t r o g e n ,  t h e  b e l o w -  
g round  p l a n t  m a t e r i a l  and s o i l  w ere  n o t  s e p a r a t e d  i n  an e f f o r t  t o  a v o id  
l o s s  o f  a p p l i e d  n i t r o g e n  d u r i n g  sam ple  p r e p a r a t i o n  and a n a l y s i s .
4 .  L a b e l l e d  N i t r o g e n  D e t e r m i n a t i o n
L a b e l l e d  n i t r o g e n  was u s e d  t o  d i s t i n g u i s h  t h e  added  n i t r o g e n  
from t h e  n a t i v e  s o i l  and  p l a n t  n i t r o g e n .  The r e c o v e r y  o f  t h e  added  
n i t r o g e n  i n d i c a t e d  t h e  e x t e n t  o f  n i t r o g e n  l o s s  from s o i l - w a t e r  and 
s o i l - J 3 .  a l t e m i f l o r a - w a t e r  s y s t e m s .  The "^N c o n t e n t  o f  t h e  added  
ammonium s u l f a t e  was 1 0 .3 8 6  atom %.
T o t a l  and l a b e l l e d  n i t r o g e n  i n  t h e  p l a n t  and s o i l  s a m p le s  were  
d e t e r m i n e d  as  p r e v i o u s l y  d e s c r i b e d  i n  t h e  e x p e r i m e n t  on n i t r o g e n  
u t i l i z a t i o n  i n  t h e  s a l t  m a rs h .  A n a l y s e s  f o r  eac h  p l a n t  and s o i l  
sam p le  w ere  r e p l i c a t e d  3 and  4 t i m e s ,  r e s p e c t i v e l y .
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C. F a t e  o f  N i t r a t e -  and  Ammonium-Nitrogen i n  S e d im e n t -W a te r  Columns
1.  D e s c r i p t i o n  o f  S e d im e n t -W a te r  Columns
E s t u a r i n e  s e d i m e n t  and w a t e r  were  o b t a i n e d  a t  t h e  e n t r a n c e  o f  
A i r p l a n e  Lake i n t o  Bayou F e r b l a n c  ( 2 9 ° 1 3 'N ,  90°7'W) on 1 March 1978.  
The s e d i m e n t  was c o l l e c t e d  w i t h  a d r e d g e  and t r a n s p o r t e d  i n  p a i l s  to  
t h e  l a b o r a t o r y  w h e re  i t  was p l a c e d  i n t o  a 3 0 - g a l l o n  p l a s t i c  c o n t a i n e r  
and t h e n  m ixed .  The w a t e r  was t r a n s p o r t e d  and s t o r e d  i n  p l a s t i c  c a r ­
b o y s .  S e l e c t e d  p r o p e r t i e s  o f  t h e  s e d im e n t  and w a t e r  a r e  g i v e n  i n  
T a b le  1 .
One h u n d r e d  and t h i r t y - f i v e  g o f  t h e  w e t  s e d i m e n t  w ere  added  to  
1 6 -o z  lo w - fo rm  g l a s s  sp ec im en  b o t t l e s ,  l e v e l e d  w i t h  a s p a t u l a ,  and 
th e n  c o v e r e d  w i t h  95 ml o f  t h e  e s t u a r i n e  w a t e r .  The s e d im e n t  and 
w a t e r  l a y e r s  w ere  a p p r o x i m a t e l y  2 . 4  and  2 . 0  cm t h i c k ,  r e s p e c t i v e l y .
The s e d i m e n t - w a t e r  s y s t e m s  w e re  a l l o w e d  t o  e q u i l i b r a t e  i n  t h e  d a r k  a t  
27°C f o r  1 m onth .  The b o t t l e s  w ere  l e f t  open t o  a l l o w  oxygen  to  
d i f f u s e  t h r o u g h  t h e  o v e r l y i n g  w a t e r  and form an o x i d i z e d  l a y e r  on t h e  
s e d i m e n t  s u r f a c e .  O v e r l y i n g  w a t e r  l o s t  by e v a p o r a t i o n  was r e p l a c e d  
w i t h  d e i o n i z e d  w a t e r  e v e r y  3 o r  4 d a y s .
2.  A p p l i c a t i o n  o f  L a b e l l e d  N i t r o g e n
a . N i t r a t e
A f t e r  t h e  e q u i l i b r a t i o n  p e r i o d  1 ,5 0 0  yg n i t r a t e - n i t r o g e n , a s
15N - e n r i c h e d  p o t a s s i u m  n i t r a t e ,  was added  t o  e i t h e r  t h e  a n a e r o b i c  
s e d i m e n t  l a y e r  o r  t h e  o v e r l y i n g  f l o o d w a t e r  o f  t h e  s e d i m e n t - w a t e r  
co lumns  i n  t h e  f o l l o w i n g  f a s h i o n s :  (1) 10 2-ml i n c r e m e n t s  e a c h  con ­
t a i n i n g  150 yg n i t r a t e - n i t r o g e n  added  a t  3 -day  i n t e r v a l s  and (2)  a 
s i n g l e  2-ml a d d i t i o n .  The p o t a s s i u m  n i t r a t e  s o l u t i o n  was added  t o  t h e  
o v e r l y i n g  f l o o d w a t e r  w i t h  a p i p e t .  I t  was added  t o  t h e  s e d i m e n t  w i t h
T a b le  1 .  S e l e c t e d  p r o p e r t i e s  o f  t h e  s e d im e n t  and w a t e r  i n  t h e  
s e d i m e n t - w a t e r  co lum ns .
P a r a m e t e r  V alue
S e d i m e n t :
M o i s t u r e  c o n t e n t  ( w e ig h t  b a s i s )  76%
pH 7 .4
T o t a l  n i t r o g e n  0.52%
T o t a l  c a r b o n  7.8%
C:N r a t i o  15
W a t e r :
pH 7 .8
S a l i n i t y  - 20 p p t
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a g l a s s  s y r i n g e  a t t a c h e d  t o  a 2 5 -gauge  n e e d l e .  The n e e d l e  was 
i n s e r t e d  t o  t h e  b o t t o m  o f  t h e  s e d i m e n t  l a y e r  and g e n t l y  moved th r o u g h  
t h e  s e d i m e n t  w i t h o u t  l i f t i n g  i t  o u t  o f  t h e  s e d im e n t  a s  t h e  s o l u t i o n  
was i n j e c t e d .  T h i s  method  o f  a d d i t i o n  m in im ized  e s c a p e  o f  t h e  s o l u t i o n  
to  t h e  o v e r l y i n g  w a t e r .  D i s t u r b a n c e  o f  t h e  s e d i m e n t  was m in im a l  w i t h  
t h e  t h i n  2 5 -g au g e  n e e d l e .
F i f t e e n  h u n d r e d  yg n i t r a t e - n i t r o g e n  i n  t h e  s e d im e n t  and t h e  o v e r -  
l y i n g  w a t e r  was e q u i v a l e n t  to  c o n c e n t r a t i o n s  o f  a p p r o x i m a t e l y  45 
y g / g  and 16 y g /m l ,  r e s p e c t i v e l y .  The 150 yg i n c r e m e n t  i n  t h e  s e d im e n t  
and o v e r l y i n g  w a t e r  was e q u a l  t o  c o n c e n t r a t i o n s  o f  a b o u t  4 . 5  y g / g  and 
1 . 6  y g / m l ,  r e s p e c t i v e l y .
The s e d i m e n t - w a t e r  s y s t e m s  r e c e i v i n g  n i t r a t e  i n  10 i n c r e m e n t s  to  
t h e  o v e r l y i n g  w a t e r  and t o  t h e  s e d im e n t  w ere  i n c u b a t e d  f o r  31 days  
a f t e r  t h e  f i r s t  n i t r a t e  a d d i t i o n .  The l a s t  n i t r a t e  a d d i t i o n  was 4 days  
b e f o r e  t h e  t e r m i n a t i o n  o f  t h e  i n c u b a t i o n .  The two t r e a t m e n t s  were  
r e p l i c a t e d  6 t i m e s .
D u p l i c a t e  s e d i m e n t - w a t e r  s y s t e m s  r e c e i v i n g  1 , 5 0 0  y g  n i t r a t e -  
n i t r o g e n  i n  1 a d d i t i o n  t o  t h e  o v e r l y i n g  w a t e r  w ere  i n c u b a t e d  f o r  5,
10 ,  22 ,  33 ,  50 ,  72,  144 ,  and 816 h o u r s ;  w h e r e a s  t h o s e  r e c e i v i n g  n i t r a t e  
i n  a s i n g l e  a d d i t i o n  to  t h e  s e d i m e n t  were  i n c u b a t e d  f o r  5,  10 ,  22 ,  33,
50,  and 816 h o u r s .
A l l  i n c u b a t i o n s  w ere  a t  27°C and i n  t h e  d a r k  t o  p r e v e n t  a l g a l  
15g r o w th .  The atom % N c o n t e n t  i n  t h e  added  n i t r a t e  was 5 5 .3 2 9 .
b . Ammonium
A f t e r  t h e  e q u i l i b r a t i o n  p e r i o d  .1,500 yg a m m o n iu m -n i t ro g e n , a s  
^ N - e n r i c h e d  ammonium s u l f a t e ,  was added i n  10 i n c r e m e n t s  i n  t h e  same 
f a s h i o n  a s  t h e  n i t r a t e  t o  e i t h e r  (1)  t h e  a n a e r o b i c  s e d i m e n t  l a y e r  o r
41
(2 )  th e  o v e r l y i n g  w a t e r  o f  t h e  s e d i m e n t - w a t e r  co lum ns .  The s e d i m e n t -  
w a t e r  s y s t e m s  w ere  i n c u b a t e d  i n  t h e  d a r k  a t  27°C f o r  40 days  a f t e r  
t h e  f i r s t  ammonium a d d i t i o n .  The two t r e a t m e n t s  w ere  t r i p l i c a t e d .
The a tom °L c o n t e n t  of  t h e  added  ammonium was 4 2 . 1 7 3 .
3 .  D e t e r m i n a t i o n  o f  N i t r o g e n  Forms
a . S am pl ing  P r o c e d u r e
Upon c o m p l e t i o n  o f  t h e  i n c u b a t i o n ,  t h e  o v e r l y i n g  f l o o d w a t e r  o f  
t h e  s e d i m e n t - w a t e r  column was removed w i t h  a p i p e t  and added  t o  a 
100-ml g r a d u a t e d  c y l i n d e r  i n  o r d e r  t o  d e t e r m i n e  vo lum e.  I t  was t h e n  
t r e a t e d  w i t h  0 . 5  ml o f  c h l o r o f o r m  and vacuum f i l t e r e d .  The f i l t r a t e  
was added  t o  a 4 - o z  p l a s t i c  b o t t l e ,  a c i d i f i e d  t o  a p p r o x i m a t e l y  pH
6 . 5  w i t h  h y d r o c h l o r i c  a c i d ,  and f r o z e n  p r i o r  t o  i n o r g a n i c  n i t r o g e n  
a n a l y s e s .
The s e d im e n t  was t r e a t e d  w i t h  100 ml o f  2N p o t a s s i u m  c h l o r i d e  
and 2 ml o f  c h l o r o f o r m ,  s h a k e n  f o r  1 h o u r  on a m e c h a n i c a l  s h a k e r ,  and 
th e n  vacuum f i l t e r e d .  The s e d im e n t  r e t a i n e d  on t h e  f i l t e r  p a p e r  was 
washed  3 t i m e s  w i t h  a b o u t  20 ml o f  2N p o t a s s i u m  c h l o r i d e  and  t h e n  3 
t i m e s  w i t h  a b o u t  20 ml o f  d e i o n i z e d  w a t e r  t o  i n s u r e  c o m p le te  e x t r a c ­
t i o n  o f  ammonium. The f i l t e r e d  e x t r a c t  was added  t o  a 16 -oz p l a s t i c  
b o t t l e  and f r o z e n  u n t i l  a n a l y s i s  f o r  ammonium and n i t r a t e .  The s e d i ­
ment was removed f rom t h e  f i l t e r  f u n n e l ,  p l a c e d  i n  a g l a s s  b o t t l e ,  
and d r i e d  i n  an  oven  a t  55°C. A f t e r  d r y i n g  t h e  d ry  w e i g h t  was 
d e t e r m i n e d ,  and t h e n  t h e  s e d im e n t  was g ro u n d  w i t h  a m o r t a r  and p e s t l e  
and s t o r e d  i n  a s e a l e d  g l a s s  b o t t l e .
b . N i t r o g e n  A n a l y s e s
The e x t r a c t s  and f l o o d w a t e r  s a m p le s  w e re  d i s t i l l e d  w i t h  a m i c r o -  
K j e l d a h l  d i s t i l l a t i o n  u n i t .  A m m onium -n i t rogen  a n d  n i t r a t e -  p l u s
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n i t r i t e - n i t r o g e n  w e re  c o l l e c t e d  as  ammonium i n  250-ml E r l e n m e y e r  
f l a s k s  c o n t a i n i n g  10 ml o f  0.1N s u l f u r i c  a c i d  by d i s t i l l a t i o n  w i t h
0 . 3  g magnes ium o x i d e  f o r  4 m i n u t e s  and s u b s e q u e n t  r e d i s t i l l a t i o n  
w i t h  0 . 3  g D e v a r d a 1s a l l o y  f o r  4 . 5  m i n u t e s  (Bremner 1965b) .  
A m monium-ni t rogen  c o n c e n t r a t i o n  i n  t h e  d i s t i l l a t e s  was d e t e r m i n e d  on 
a l i q u o t s  o f  t h e  d i s t i l l a t e s  w i t h  t h e  ammonia e l e c t r o d e .  T o t a l  
a m m onium -n i t rogen  and  n i t r a t e -  p l u s  n i t r i t e - n i t r o g e n  w ere  th e n  c a l c u ­
l a t e d  f rom a knowledge  o f  am m on ium -n i t rogen  c o n c e n t r a t i o n  i n  t h e  
d i s t i l l a t e  and t o t a l  volume o f  d i s t i l l a t e  c o l l e c t e d .
The p o r t i o n  o f  t h e  d i s t i l l a t e s  f rom r e p l i c a t e  s e d im e n t  e x t r a c t s  
n o t  u s e d  f o r  ammonium d e t e r m i n a t i o n  w i t h  t h e  ammonia e l e c t r o d e  were  
com bined .  Those  s a m p le s  c o n t a i n i n g  more t h a n  0 . 5  mg n i t r o g e n  were  
p r e p a r e d  f o r  l a b e l l e d  n i t r o g e n  a n a l y s i s  by e v a p o r a t i o n  on a h o t  p l a t e  
t o  a f i n a l  volume o f  a p p r o x i m a t e l y  2 ml .  Samples  w i t h  l e s s  t h a n  0 .5  
mg n i t r o g e n  c o n t a i n e d  i n s u f f i c i e n t  n i t r o g e n  f o r  t h e  d e t e r m i n a t i o n  of  
l a b e l l e d  n i t r o g e n  on t h e  mass s p e c t r o m e t e r .
O r g a n ic  n i t r o g e n  i n  t h e  s e d im e n t  was d e t e r m i n e d  by m acro -  
K j e l d a h l  d i g e s t i o n  and  d i s t i l l a t i o n  (Bremner  1965a) and s u b s e q u e n t  
t i t r a t i o n  ( J a c k s o n  1 9 5 8 ) .  The t i t r a t e d  d i s t i l l a t e s  w ere  c o n c e n t r a t e d  
t o  a p p r o x i m a t e l y  1 mg n i t r o g e n / m l  p r i o r  t o  l a b e l l e d  n i t r o g e n  d e t e r m i n ­
a t i o n .
c . L a b e l l e d  N i t r o g e n  D e t e r m i n a t i o n
L a b e l l e d  n i t r o g e n  a n a l y s i s  was c o n d u c t e d  on a Dupont 21 -614  mass 
s p e c t r o m e t e r  (Bremner 1 9 6 5 c ) .  The amount o f  l a b e l l e d  n i t r o g e n  
r e c o v e r e d  i n  t h e  ammonium and n i t r a t e  p l u s  n i t r i t e  f r a c t i o n s  was 
d e t e r m i n e d  by t h e  f o l l o w i n g  e q u a t i o n ,  w h ic h  c o r r e c t s  f o r  t h e  n i t r o g e n
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b l a n k  d u r i n g  th e  m i c r o - K j e l d a h l  d i s t i l l a t i o n :
T ( a - b )  - (Bxc)
Amount o f  l a b e l l e d  n i t r o g e n  i n  t h e  sample = ,
( d - b )
w here  T i s  t h e  t o t a l  amount o f  n i t r o g e n  i n  t h e  s a m p l e ,  d i s  t h e  a tom 
°L c o n t e n t  i n  t h e  o r i g i n a l  added  t r a c e r  compound, B i s  t h e  n i t r o ­
gen  b l a n k  f o r  t h e  m i c r o - K j e l d a h l  d i s t i l l a t i o n ,  and a ,  b ,  and c a r e  
t h e  a tom % c o n t e n t s  i n  t h e  s a m p l e ,  t h e  s t a n d a r d ,  and t h e  b l a n k ,
r e s p e c t i v e l y .  The c o r r e c t i o n  f o r  t h e  d i s t i l l a t i o n  b l a n k  was n o t  
i n c l u d e d  f o r  t h e  d e t e r m i n a t i o n  o f  l a b e l l e d  n i t r o g e n  r e c o v e r e d  i n  t h e
o r g a n i c  n i t r o g e n  f r a c t i o n .
15The a tom  % N c o n t e n t  i n  t h e  o r g a n i c  n i t r o g e n  and  e x t r a c t a b l e
ammonium s t a n d a r d s  were  0 .353  and 0 . 3 6 2 ,  r e s p e c t i v e l y .  The atom %
15N c o n t e n t  i n  t h e  d i s t i l l a t i o n  b l a n k  was assumed t o  be 0 . 3 6 6 .
RESULTS AND DISCUSSION
A . N i t r o g e n  U t i l i z a t i o n  by S p a r t i n a  a l t e r n i f l o r a  i n  a S a l t  Marsh
1. V a r i a t i o n  i n  S e l e c t e d  S o i l  and  P l a n t  P r o p e r t i e s  w i t h  D i s t a n c e  
I n l a n d  f rom a S t r e a m  a t  t h e  S tu d y  S i t e
The v a r i a t i o n  i n  h e i g h t  and s t a n d i n g  c ro p  b io m a s s  o f  S_. a l t e r -
n i f l o r a  w i t h  i n c r e a s e d  d i s t a n c e  i n l a n d  f rom t h e  s t r e a m  i s  shown i n
F i g u r e  2 ( s e e  a l s o  A ppend ix  T a b l e  1 ) .  A l t h o u g h  t h e  p l a n t  h e i g h t
v a l u e s  were  t a k e n  on 23 Ju n e  t h e  c h a r a c t e r i s t i c  d e c r e a s e  i n  p l a n t
h e i g h t  w i t h  d i s t a n c e  from t h e  s t r e a m  was e v i d e n t  t h r o u g h o u t  t h e  y e a r .
The t a l l e r  g r a s s  i n  t h e  s t r e a m s i d e  r e g i o n  p ro d u c e d  t o t a l  d ry  w e i g h t
2
y i e l d s  s l i g h t l y  above  2 , 0 0 0  g/m . P l a n t  b io m a s s  d e c r e a s e d  i n  a n e a r l y
l i n e a r  f a s h i o n  w i t h  i n c r e a s e d  d i s t a n c e  f ro m  t h e  s t r e a m .  At 1 6 .8  m
. 2
i n l a n d  t h e  t o t a l  b io m a s s  had  d e c r e a s e d  t o  739 g/m .
The s t u d y  a r e a  was somewhat t y p i c a l  o f  s a l t  m a rs h e s  i n  t h e  
B a r a t a r i a  Bay a r e a .  The w i d t h  o f  t h e  n a t u r a l  l e v e e  a l o n g s i d e  w a t e r  
b o d i e s  and t h e  c o n t r a s t  i n  e l e v a t i o n  b e tw e e n  t h e  s t r e a m s i d e  and 
i n l a n d  a r e a s  may be d i f f e r e n t  a t  o t h e r  m a rsh  l o c a t i o n s ;  b u t  t h r o u g h ­
o u t  t h e  s a l t  m a rsh  t h e  s l i g h t l y  e l e v a t e d  n a t u r a l  l e v e e s  b o r d e r i n g  t h e  
many s t r e a m s  and  l a k e s  s u p p o r t  t h e  h i g h e s t  b io m a s s  o f  S_. a l t e r n i f l o r a , 
and t h e  a b o v e g ro u n d  s t a n d i n g  c r o p  o f  t h i s  g r a s s  g e n e r a l l y  d e c r e a s e s  
w i t h  i n c r e a s e d  d i s t a n c e  i n l a n d .
S o i l  d e n s i t y  d e c r e a s e d  w i t h  i n c r e a s e d  d i s t a n c e  f rom th e  s t r e a m  
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Distance from stream, m
F i g u r e  2.  V a r i a t i o n  i n  t o t a l  aboveground  b iom ass  and h e i g h t  o f  S p a r t i n a  a l t e r n i f l o r a  
m easured  on 23 S ep tem ber  and 23 J u n e ,  r e s p e c t i v e l y ,  w i t h  d i s t a n c e  i n l a n d  
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Distance from stream, m
F i g u r e  3 .  V a r i a t i o n  i n  s o i l  d e n s i t y  a n d  s o i l  c a r b o n  c o n t e n t  w i t h  d i s t a n c e  i n l a n d  








3 30 . 3 7  g/cm a t  1 .5  m i n l a n d  to  0 . 1 9  g/cm a t  2 2 . 9  m i n l a n d  from th e
s t r e a m .  C o u l t a s  and  C a lhoun  (1976)  r e p o r t e d  a s i m i l a r  r a n g e  o f  s o i l
d e n s i t y  v a l u e s  i n  t h e  o r g a n i c  s o i l  l a y e r s  o f  a F l o r i d a  t i d a l  m a rsh .
S o i l  o r g a n i c  c a r b o n  e x p r e s s e d  on a d ry  w e i g h t  s o i l  b a s i s  
i n c r e a s e d  w i t h  d i s t a n c e  f rom t h e  s t r e a m  ( F i g u r e  3 ) ;  i t  v a r i e d  from 
5.8% n e a r  t h e  s t r e a m  t o  o v e r  15% a t  2 2 . 9  m i n l a n d .  S o i l  c a r b o n  v a l u e s  
i n c l u d e  c a r b o n  d e r i v e d  f rom l i v e  p l a n t  r o o t s  and rh iz o m e s  s i n c e  l i v e  
p l a n t  m a t e r i a l  was n o t  s e p a r a t e d  from t h e  s o i l  c o r e s .
S o i l  i s  c o m p r i s e d  o f  m i n e r a l  and o r g a n i c  m a t e r i a l s  i n t e r s p e r s e d  
w i t h  p o r e s .  The p o r e  s p a c e  i n  w a t e r l o g g e d  s a l t  m arsh  s o i l s  i s  e s s e n ­
t i a l l y  d e v o i d  o f  a i r  and  c o m p l e t e l y  f i l l e d  w i t h  w a t e r .  The m o i s t u r e  
c o n t e n t  o f  L o u i s i a n a  m a rs h  s o i l s  i s  a b o u t  70 t o  807, (Brannon 1 973) .
Some 10 t o  26.57, o f  t h e  a p p r o x i m a t e l y  20 t o  307, d ry  m a t t e r  c o n t e n t  
i n  t h e  s o i l s  a l o n g  t h e  t r a n s e c t  was o r g a n i c  m a t t e r  (Appendix  T a b l e  1 ) ;  
t h e  r e m a i n d e r  was m i n e r a l  m a t t e r .  The w e i g h t  o f  o r g a n i c  m a t t e r  p e r  
b u l k  volume o f  s o i l ,  c a l c u l a t e d  a s  th e  p r o d u c t  o f  s o i l  d e n s i t y  and 
o r g a n i c  m a t t e r  p e r c e n t a g e ,  was e s s e n t i a l l y  c o n s t a n t  f o r  a l l  8 sam­
p l i n g  s i t e s .  T a b l e  2 shows t h a t  o r g a n i c  m a t t e r  c o n t e n t  was e i t h e r
O
0 . 0 4  o r  0 .0 5  g/cm , and  s o i l  m i n e r a l s  c o m p r i s e d  t h e  r e m a i n i n g  mass 
p e r  vo lume.
The c o n t e n t  o f  s o i l  o r g a n i c  m a t t e r  does  n o t  a c c o u n t  f o r  t h e  
v a r i a t i o n s  i n  d e n s i t y ;  r a t h e r ,  t h e  d e n s i t y  o f  t h e s e  marsh  s o i l s  i s  
d i r e c t l y  r e l a t e d  t o  t h e  q u a n t i t y  o f  m i n e r a l  m a t e r i a l  p e r  b u l k  volume 
o f  s o i l .  The h i g h e r  d e n s i t i e s  o f  t h e  more p r o d u c t i v e  s t r e a m s i d e  s o i l s  
r e f l e c t  a l a r g e r  amount o f  m i n e r a l  m a t e r i a l  i n  t h e  s t r e a m s i d e  t h a n  
i n l a n d  s o i l s .
U p land  m i n e r a l  s o i l s  g e n e r a l l y  c o n t a i n  a b o u t  507. m i n e r a l  m a t t e r
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T a b le  2.  V a r i a t i o n  i n  s o i l  d e n s i t y  and d r y  w e i g h t  o f  o r g a n i c  and 
m i n e r a l  m a t t e r  p e r  s o i l  vo lume w i t h  d i s t a n c e  i n l a n d  from 
t h e  s t r e a m - p l a n t  i n t e r f a c e  i n  a s a l t  m a r s h .
D i s t a n c e  from s t r e a m  S o i l  d e n s i t y  O r g a n ic  m a t t e r  M i n e r a l  m a t t e r
m e t e r s  -------------------------------------- g/cm^'
1 . 5 0 .3 7 0 .0 4 0 . 3 3
4 . 6 0 .3 4 0 .0 4 0 . 3 0
7 .6 0 .3 0 0 . 0 4 0 . 2 6
1 0 .7 0 .3 1 0 . 0 5 0 . 2 6
1 3 . 7 0 .2 9 0 . 0 5 0 .2 4
1 6 . 8 0 .2 7 0 . 0 5 0 . 2 2
1 9 . 8 0 .2 4 0 . 0 5 0 .1 9
22 .9 0 .1 9 0 . 0 5 0 .1 4
and  a b o u t  1 t o  5%, o r g a n i c  m a t t e r ;  t h e  r e m a i n i n g  volume i s  p o re  s p a c e .  
The d e n s i t y  o f  t h e s e  s o i l s ,  e x p r e s s e d  as  mass o f  d r y  m i n e r a l  and 
o r g a n i c  m a t e r i a l  p e r  b u l k  volume o f  s o i l ,  i s  a p p r o x i m a t e l y  1 .25  and 
1 .45  g /cm (Buckman and  Brady 1969) .  S o i l s  h i g h  i n  o r g a n i c  m a t t e r ,  
by c o m p a r i s o n ,  h ave  low d e n s i t i e s ;  v a l u e s  f o r  Sphagnum moss p e a t ,  f o r  
ex a m p le ,  v a r y  from 0 .0 5  t o  0 . 1  g /cm (Farnham and  F in n e y  1 9 6 5 ) .  The 
low d e n s i t y  o f  s a l t  marsh  s o i l s  d e n o t e s  a low m i n e r a l  c o n t e n t  and  a 
h i g h  l e v e l  o f  o r g a n i c  m a t t e r  compared  t o  u p l a n d  m i n e r a l  s o i l s .
The v a r i a t i o n  i n  t o t a l  n i t r o g e n  c o n t e n t  o f  jS. a l t e r n i f l o r a  w i t h  
d i s t a n c e  i n l a n d  f rom t h e  s t r e a m  i s  shown i n  F i g u r e  4 ( s e e  a l s o  Appen­
d i x  T a b le  2 ) .  The p l a n t  n i t r o g e n  v a l u e s  i n  t h e  Ju n e  s a m p l in g  were  
v a r i a b l e ,  b u t  th e y  t e n d e d  t o  be g r e a t e r  a t  t h e  2 s i t e s  c l o s e s t  t o  the  
s t r e a m  t h a n  a t  t h e  more i n l a n d  l o c a t i o n s .  B rannon  ( 1 9 7 3 ) ,  i n  c o n ­
t r a s t ,  r e p o r t e d  h i g h e r  p l a n t  n i t r o g e n  v a l u e s  a t  an  i n l a n d  th a n  a 
s t r e a m s i d e  l o c a t i o n  d u r i n g  t h e  month o f  J u n e  i n  a L o u i s i a n a  s a l t  
m a r s h ;  h i s  v a l u e s  were  0 .9 9  and 0.79%,  r e s p e c t i v e l y .  The t o t a l  
n i t r o g e n  c o n t e n t  o f  S_. a l t e r n i f l o r a  i n  S ep te m b er  d e c r e a s e d  w i t h  d i s ­
t a n c e  i n l a n d  up t o  t h e  s i t e  7 . 6 m  i n l a n d ,  and t h e n  i t  t e n d e d  t o  
r e m a in  n e a r  0.62%, w i t h  i n c r e a s i n g  d i s t a n c e  i n l a n d .  The n i t r o g e n  
c o n t e n t  o b s e r v e d  by Brannon (1973)  a t  i n l a n d  and  s t r e a m s i d e  a r e a s  in  
S ep tem ber  were  0 . 7 9  and 0.78%, r e s p e c t i v e l y .  E x c e p t  f o r  t h e  f i r s t  
s i t e ,  1 .5  m from t h e  s t r e a m ,  t h e  q u a n t i t y  o f  n i t r o g e n  i n  p l a n t  s h o o t s  
was c o n s i s t e n t l y  h i g h e r  i n  Ju n e  t h a n  i n  S e p te m b e r .
The p e r c e n t  n i t r o g e n  v a l u e s  f o r  £5. a l t e r n i f l o r a  i n  t h i s  s t u d y  
f e l l  n e a r  t h e  r a n g e  of  v a l u e s  r e p o r t e d  i n  L o u i s i a n a  by Brannon  (1973) 
They compared c l o s e l y  w i t h  t h e  0.8%, n i t r o g e n  r e p o r t e d  by Broome e t  a l  
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Distance from stream, m
F i g u r e  4 .  V a r i a t i o n  i n  t o t a l  n i t r o g e n  c o n t e n t  o f  S p a r t i n a  a l t e r n i f l o r a  s h o o t s  w i t h
d i s t a n c e  i n l a n d  f r o m  t h e  s t r e a m - p l a n t  i n t e r f a c e  i n  a L o u i s i a n a  s a l t  m a r s h .
51
G a l l a g h e r  (1975) i n  G e o r g ia  b u t  w ere  lo w er  t h a n  t h e  1 . 3 8  t o  1.71% 
n i t r o g e n  o b s e r v e d  by H a in e s  e t  a l .  (1977)  f o r  l i v e  S_. a l t e r n i f l o r a  i n  
G e o r g i a .
The t o t a l  s o i l  n i t r o g e n  c o n t e n t  e x p r e s s e d  on a d r y  w e i g h t  b a s i s  
i n c r e a s e d  w i t h  d i s t a n c e  i n l a n d  from t h e  s t r e a m  ( F i g u r e  5 and Appendix  
T a b l e  2 ) ;  i t  v a r i e d  from 0.43% a t  1 . 5  m i n l a n d  t o  0.86% at^ t h e  f a r t h e s t  
i n l a n d  s i t e .  The n i t r o g e n  c o n t e n t  o f  t h e  s e d im e n t  o b t a i n e d  from t h e  
s t r e a m  b o t to m  a p p r o x i m a t e l y  4 m from t h e  s t r e a m - p l a n t  i n t e r f a c e  w here  
t h e  t r a n s e c t  began  was 0.55%. The o b s e r v e d  t o t a l  n i t r o g e n  v a l u e s  f e l l  
w i t h i n  t h e  r a n g e  r e p o r t e d  i n  L o u i s i a n a  s a l t  marsh  s o i l s  by B ru p b a c h e r  
e t  a l . ( 1 9 7 3 ) .  Brannon  (1973) a l s o  found  c o n s i s t e n t l y  h i g h e r  l e v e l s  
o f  t o t a l  n i t r o g e n  i n  s o i l s  from i n l a n d  t h a n  from s t r e a m s i d e  a r e a s .
E x t r a c t a b l e  ( w a t e r  s o l u b l e  p l u s  e x c h a n g e a b l e )  ammonium l e v e l s  
were  much l a r g e r  a t  t h e  2 s a m p l in g  s i t e s  f a r t h e s t  i n l a n d  w here  o n ly  a 
few s p a r s e l y  s c a t t e r e d  p l a n t s  w e re  p r e s e n t  t h a n  a t  t h e  o t h e r  6 s i t e s ,  
w hich  c o n t a i n e d  v i g o r o u s  s t a n d s  o f  S_. a l t e r n i f l o r a  ( F i g u r e  5 and Appen­
d i x  T a b le  2 ) .  E x t r a c t a b l e  am m on ium -n i t rogen  i n  t h e  s t r e a m  bo t tom  
s e d i m e n t ,  2 2 . 5  y g / g ,  was a l s o  s u b s t a n t i a l l y  g r e a t e r  t h a n  a t  t h e  f i r s t  
6 marsh  s i t e s .  The lo w e r  s o i l  e x t r a c t a b l e  ammonium l e v e l s  i n  t h e  
p r e s e n c e  o f  p l a n t s  was p r o b a b l y  t h e  r e s u l t  o f  u p t a k e  o f  a v a i l a b l e  
ammonium by S_. a l t e r n i f l o r a . B rannon  (1973)  c o n c l u d e d  t h a t  p l a n t  
u t i l i z a t i o n  o f  ammonium was a m a j o r  f a c t o r  r e g u l a t i n g  t h e  q u a n t i t y  o f  
e x t r a c t a b l e  ammonium i n  s o i l ,  and t h a t  ammonium l e v e l s  w e re  low i n  t h e  
s p r i n g  when u p t a k e  o f  ammonium by S_. a l t e r n i f l o r a  was m a x im a l .  The 
e x t r a c t a b l e  am m onium -n i t rogen  l e v e l s  found  a t  t h e  6 l o c a t i o n s  con­
t a i n i n g  S_. a l t e r n i f l o r a  a g r e e  w i t h  t h o s e  o b s e r v e d  by Brannon  (1973) 
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F i g u r e  5 .  V a r i a t i o n  i n  t o t a l  s o i l  n i t r o g e n  c o n t e n t  a n d  e x t r a c t a b l e  s o i l  a m m o n i u m -  
n i t r o g e n  w i t h  d i s t a n c e  i n l a n d  f r o m  t h e  s t r e a m - p l a n t  i n t e r f a c e  i n  a 















C o n v e r s io n  o f  t h e  d ry  w e i g h t  v a l u e s  o f  am m onium -n i t rogen  to  a 
3
volume b a s i s ,  yg/cm , showed t h a t  e x t r a c t a b l e  ammonium l e v e l s  were  
v e r y  low i n  t h e  s a l t  m arsh  (A ppendix  T a b l e  2 ) .  S e v e r a l  r e s e a r c h e r s  
( C l a r k e  and Hannon 1967 ,  R i c h a r d s o n  e t  a l . 1978) h a v e  s u g g e s t e d  t h a t  
t h e  volume e x p r e s s i o n  f o r  n u t r i e n t s  i s  more  m e a n i n g f u l  t h a n  t h e  w e i g h t  
e x p r e s s i o n ,  p a r t i c u l a r l y  i n  s o i l s  c h a r a c t e r i z e d  by low and v a r i a b l e  
d e n s i t y .
2 .  Response  o f  S p a r t i n a  a l t e r n i f l o r a  t o  Added N i t r o g e n
The a v e r a g e  t o t a l  a b o v e g ro u n d  b io m as s  o f  a l t e r n i f l o r a  i n  t h e  
n i t r o g e n ,  p h o s p h o r u s ,  and c o n t r o l  p l o t s  h a r v e s t e d  on 23 Sep tem ber  i s  
shown i n  T a b le  3.  Added n i t r o g e n  r e s u l t e d  i n  a 28% i n c r e a s e  i n  b iom ass  
o v e r  t h e  c o n t r o l .  P a t r i c k  and DeLaune ( 1 9 7 6 ) ,  by  c o m p a r i s o n ,  r e p o r t e d  
a 15% i n c r e a s e  i n  b io m a s s  w i t h  a s i m i l a r  a p p l i c a t i o n  o f  n i t r o g e n  a t  a 
s t r e a m s i d e  l o c a t i o n .  P l a n t s  were  a l s o  s i g n i f i c a n t l y  t a l l e r  i n  t h e  
p l o t s  r e c e i v i n g  n i t r o g e n  ( T a b l e  3 ) .  A p p l i c a t i o n  o f  n i t r o g e n ,  how eve r ,  
d i d  n o t  i n c r e a s e  p l a n t  h e i g h t  and t o t a l  ab o v e g ro u n d  b io m a s s  t o  v a l u e s  
a s  l a r g e  a s  t h o s e  o b s e r v e d  a t  s t r e a m s i d e  s i t e s  a l o n g  t h e  marsh  t r a n s e c t  
shown i n  F i g u r e  2.  A p p l i e d  p h o s p h o r u s  d i d  n o t  s i g n i f i c a n t l y  i n c r e a s e  
p l a n t  h e i g h t  and ab o v e g ro u n d  b i o m a s s .
These  d a t a  s u g g e s t  t h a t  n i t r o g e n  i s  t h e  n u t r i e n t  t h a t  l i m i t s  
p l a n t  g row th  i n  t h e  i n l a n d  m arsh  and t h a t  t h e  p e r c e n t  r e s p o n s e  to  
a p p l i e d  n i t r o g e n  a t  an i n l a n d  l o c a t i o n  i s  g r e a t e r  t h a n  t h a t  o b s e r v e d  
by P a t r i c k  and DeLaune (1976) i n  t h e  s t r e a m s i d e  a r e a .  N i t r o g e n  h a s  
a l s o  b een  shown t o  l i m i t  p r o d u c t i o n  o f  Ŝ . a l t e r n i f l o r a  i n  D elaw are  
( S u l l i v a n  and D a i b e r  1 9 7 4 ) ,  N o r th  C a r o l i n a  (Broome e t  a l .  1 9 7 5 b ) ,
G e o r g i a  ( G a l l a g h e r  1975 ,  Chalmers  e t  a l . 1 9 7 6 ) ,  and  M a s s a c h u s e t t s  
( V a l i e l a  and T e a l  1 9 7 4 ) .
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T a b l e  3.  E f f e c t  o f  added  n i t r o g e n  and p h o s p h o ru s  on t o t a l  abo v eg ro u n d  
b io m a s s  and  h e i g h t  o f  S p a r t i n a  a l t e r n i f l o r a  h a r v e s t e d  on 
23 S e p te m b e r ,  4 months  a f t e r  a d d i t i o n  o f  n i t r o g e n  and 
p h o s p h o r u s .
T r e a t m e n t Aboveground b io m as s P l a n t  h e i g h t
k g / h a cm
N i t r o g e n ,  200 k g / h a 1 3 ,573  a' ' 64 a
P h o s p h o r u s ,  200 k g / h a 10 ,315  b 52 b
C o n t r o l 10 ,610  b 51 b
*
V alues  i n  th e  same v e r t i c a l  column f o l l o w e d  by d i f f e r e n t  l e t t e r s
d i f f e r  s i g n i f i c a n t l y  ( p < 0 . 0 1 ) .
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A verage  b e lo w g ro u n d  b i o m a s s ,  m e asu re d  a s  t h e  q u a n t i t y  o f  t o t a l  
m a c r o - o r g a n i c  m a t t e r  f rom th e  upper  20 cm o f  s o i l  r e t a i n e d  on a 16-mesh 
s i e v e ,  f o r  t h e  n i t r o g e n  and c o n t r o l  p l o t s  i s  shown i n  T a b l e  4 .
A l th o u g h  t h e  a p p l i c a t i o n  o f  n i t r o g e n  r e s u l t e d  i n  a s l i g h t l y  i n c r e a s e d  
b e low ground  b i o m a s s ,  t h e  be low ground  t o  a boveg round  b io m ass  r a t i o  was 
s i g n i f i c a n t l y  l o w e r  i n  t h e  p l o t s  t r e a t e d  w i t h  n i t r o g e n .  A p p l i e d  
n i t r o g e n  a p p a r e n t l y  s t i m u l a t e d  a e r i a l  g row th  more t h a n  t h a t  b e lo w ­
g ro u n d .  G a l l a g h e r  (1975)  a l s o  o b s e r v e d  a s i g n i f i c a n t  d e c r e a s e  i n  t h e  
b e low ground  t o  a b oveg round  b io m a s s  r a t i o  one y e a r  a f t e r  n i t r o g e n  
a p p l i c a t i o n  to  a jS. a l t e r n i f l o r a  marsh i n  G e o r g i a .  Barko and Smart  
( 1 9 7 8 ) ,  i n  a s t u d y  o f  two f r e s h w a t e r  m a c r o p h y t e s ,  c o n c l u d e d  t h a t  
e n h a n c e d  n u t r i e n t  a v a i l a b i l i t y  r e s u l t e d  i n  d e c r e a s e d  b e low ground  t o  
a b o v e g ro u n d  b io m a s s  r a t i o s ,  and  V a l i e l a  e t  a l . (1976)  s p e c u l a t e d  t h a t  
Ŝ . a l t e r n i f l o r a  formed o n l y  enough r o o t  mass t o  p r o c e s s  t h e  n i t r o g e n  
n e e d e d  and no more .
The r a t i o s  shown i n  T a b l e  4 i n d i c a t e  t h a t  b e low ground  b i o m a s s ,  
even  i n  t h e  n i t r o g e n  p l o t s ,  was much l a r g e r  t h a n  t h e  t o t a l  abo v eg ro u n d  
b io m a s s  o f  S_. a l t e r n i f l o r a . R e s e a r c h e r s  on t h e  A t l a n t i c  c o a s t  
( G a l l a g h e r  1974,  1975;  V a l i e l a  e t  a l .  1976) h ave  a l s o  o b s e r v e d  s u b ­
s t a n t i a l l y  h i g h e r  b io m a s s  b e low ground  t h a n  a b o v e g ro u n d  i n  J3. a l t e r n i ­
f l o r a  m a r s h e s .  The a e r i a l  p o r t i o n  o f  _S. a l t e r n i f l o r a  r e p r e s e n t s  o n ly  
a f r a c t i o n  o f  t h e  t o t a l  p l a n t  p r o d u c t i o n .
F i g u r e  6 and  A ppendix  T a b le  3 show t h a t  t h e  t o t a l  n i t r o g e n  con ­
t e n t  o f  Ŝ . a l t e r n i f l o r a  s h o o t s  was s i g n i f i c a n t l y  i n c r e a s e d  by a p p l i e d  
n i t r o g e n .  Added p h o s p h o r u s ,  on t h e  o t h e r  h a n d ,  had  no e f f e c t  on p l a n t  
n i t r o g e n  c o n t e n t  (A ppend ix  T a b l e  3 ) .  N i t r o g e n  c o n t e n t  was 0.90% a t  
t h e  t i m e  o f  n i t r o g e n  and p h o s p h o r u s  a p p l i c a t i o n  on 19 May ; one month
T a b le  4 .  E f f e c t  o f  added  n i t r o g e n  on t o t a l  be low ground  b io m a s s  and 
r a t i o  o f  t o t a l  be low ground  t o  t o t a l  abo v eg ro u n d  b io m a s s  o f  
S p a r t i n a  a l t e r n i f l o r a  h a r v e s t e d  on 23 S e p te m b e r .
T r e a tm e n t Belowground b iom ass Belowground b io m a s s  
Aboveground  b io m a s s
k g / h a
N i t r o g e n ,  200 k g / h a 63 ,217 4 . 7  a*
C o n t r o l 54 ,940 5 . 7  b
•k
Values  in  th e  same v e r t i c a l  column fo l l o w e d  by d i f f e r e n t  l e t t e r s















F i g u r e  6.  E f f e c t  o f  200 k g / h a  am monium -nit rogen  added  on 19 May upon t o t a l  
n i t r o g e n  c o n t e n t  o f  S p a r t i n a  a l t e r n i f l o r a .
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l a t e r  on 23 June  i t  i n c r e a s e d  t o  1.35% i n  t h e  n i t r o g e n - t r e a t e d  p l o t s  
and d e c r e a s e d  t o  0.81% i n  t h e  c o n t r o l  p l o t s .  The l e v e l s  o f  n i t r o g e n  
i n  t h e  p l a n t  s h o o t s  d e c r e a s e d  d u r i n g  t h e  summer months  f o r  b o t h  t h e  
c o n t r o l  and n i t r o g e n  t r e a t m e n t s ,  and t h e  d i f f e r e n c e  i n  n i t r o g e n  l e v e l s  
b e tw een  t h e  two t r e a t m e n t s  d e c r e a s e d  w i t h  each  s u c c e s s i v e  s a m p l i n g .  
However,  p l a n t  n i t r o g e n  was s t i l l  s i g n i f i c a n t l y  g r e a t e r  i n  t h e  n i t r o g e n  
p l o t s  a t  each  o f  t h e  4 m o n th ly  s a m p l in g s  a f t e r  f e r t i l i z e r  a p p l i c a t i o n .  
_S. a l t e r n i f l o r a  i n  t h e  n i t r o g e n  p l o t s  was a d i s t i n c t l y  d a r k e r  g r e e n  
t h a n  t h o s e  i n  t h e  c o n t r o l  and p h o s p h o ru s  a r e a s .  The n i t r o g e n  c o n t e n t  
o f  new p l a n t  s h o o t s  i n  A p r i l  o f  t h e  y e a r  f o l l o w i n g  n i t r o g e n  a p p l i c a t i o n  
was s i g n i f i c a n t l y  g r e a t e r  i n  t h e  n i t r o g e n  t h a n  c o n t r o l  p l o t s  (A ppendix  
T a b le  3 ) .
P a t r i c k  and DeLaune (1976)  found s i m i l a r  t r e n d s  i n  p l a n t  n i t r o g e n  
c o n t e n t  upon a p p l i c a t i o n  o f  n i t r o g e n  to  a s t r e a m s i d e  l o c a t i o n  i n  a 
L o u i s i a n a  s a l t  m a rs h ,  b u t  p l a n t  n i t r o g e n  v a l u e s  f o r  an i n l a n d  a r e a  
found i n  t h i s  s t u d y  a t  t h e  4 m on th ly  s a m p l in g s  i n  b o th  c o n t r o l  and 
n i t r o g e n  t r e a t m e n t s  a r e  a l l  s l i g h t l y  lo w er  t h a n  t h e  co m p arab le  v a l u e s  
r e p o r t e d  by P a t r i c k  and DeLaune (1976)  a t  a s t r e a m s i d e  l o c a t i o n .  T h i s  
o b s e r v a t i o n  s u p p o r t s  t h e  f i n d i n g  shown i n  F i g u r e  4 t h a t  p l a n t  n i t r o g e n  
t e n d e d  t o  b e  g r e a t e r  a t  s t r e a m s i d e  t h a n  i n l a n d  s i t e s  a l o n g  t h e  marsh  
t r a n s e c t .  The t e n d e n c y  f o r  d e c r e a s e s  i n  p e r c e n t  n i t r o g e n  c o n t e n t  o f  
J3. a l t e r n i f l o r a  d u r i n g  s u c c e s s i v e  summer months  h a s  a l s o  b e e n  shown by 
Brannon  (1973)  and  S q u i e r s  and  Good (1974)  i n  L o u i s i a n a  and A t l a n t i c  
c o a s t  m a r s h e s ,  r e s p e c t i v e l y .
3.  Recove ry  o f  t h e  Added N i t r o g e n
The u s e  o f  ^ N - d e p l e t e d  n i t r o g e n  made i t  p o s s i b l e  t o  d i f f e r e n t i ­
a t e  b e tw e e n  s o i l - d e r i v e d  and f e r t i l i z e r - d e r i v e d  n i t r o g e n  i n  p l a n t
s h o o t s .  T a b le  5 shows t h a t  t h e  n i t r o g e n  i n  Ŝ . a l t e r n i f l o r a  s h o o t s  
d e r i v e d  from t h e  f e r t i l i z e r  re m a in e d  n e a r  50% from  Ju n e  t o  S e p te m b e r .  
The f r a c t i o n  o f  t h e  p l a n t  n i t r o g e n  o b t a i n e d  from t h e  a p p l i e d  n i t r o g e n  
i n  t h i s  i n l a n d  l o c a t i o n  was g r e a t e r  t h a n  t h a t  found  by P a t r i c k  and 
DeLaune (1976) i n  a s t r e a m s i d e  a r e a .  Twenty-two p e r c e n t  o f  t h e  n i t r o ­
gen i n  p l a n t  s am p le s  r e p r e s e n t i n g  new growth  i n  t h e  f o l l o w i n g  A p r i l  
was d e r i v e d  from t h e  n i t r o g e n  a p p l i e d  11 months  e a r l i e r  ( T a b l e  5 ) .  
P a t r i c k  and DeLaune ( 1 9 7 6 ) ,  by c o m p a r i s o n ,  found  no r e s i d u a l  f e r t i l i z e r  
n i t r o g e n  i n  new s h o o t s  11 months a f t e r  f e r t i l i z e r  a p p l i c a t i o n ,  and 
G a l l a g h e r  (1975) r e p o r t e d  no s i g n i f i c a n t  i n c r e a s e  i n  p l a n t  n i t r o g e n  
c o n t e n t  o f  S_. a l t e r n i f l o r a  1 y e a r  a f t e r  a p p l i c a t i o n  o f  200 kg n i t r o g e n /  
ha  t o  a G e o rg ia  m a rs h .
The mechanism f o r  a s s i m i l a t i o n  o f  t h e  f e r t i l i z e r - d e r i v e d  n i t r o g e n  
i n  t h e  new p l a n t  s h o o t s  i s  u n c e r t a i n .  I t  c o u l d  have  been  o b t a i n e d  
e i t h e r  by d i r e c t  u p t a k e  o f  l a b e l l e d  i n o r g a n i c  n i t r o g e n  o r  by t r a n s ­
l o c a t i o n  o f  l a b e l l e d  n i t r o g e n  from s e n e s c e n t  t i s s u e s  t o  t h e  r a p i d l y  
g row ing  new s h o o t s .
T a b le  6 shows t h a t  t h e  n i t r o g e n  c o n t e n t  o f  t h e  b e lo w g ro u n d  p l a n t  
b io m a s s  was s t a t i s t i c a l l y  g r e a t e r  i n  t h e  20-cm c o r e s  from t h e  n i t r o g e n  
p l o t s  t h a n  from t h e  c o n t r o l  p l o t s .  The n i t r o g e n  c o n t e n t  o f  t h e  b e lo w ­
ground  m a c r o - o r g a n i c  m a t t e r  d e r i v e d  from t h e  added  ammonium f e r t i l i z e r  
was 0.09%; t h i s  r e p r e s e n t s  9% o f  t h e  t o t a l  n i t r o g e n  a s s o c i a t e d  w i t h  
t h e  b e low ground  b i o m a s s .
Recovery  o f  t h e  a p p l i e d  n i t r o g e n  4 months  a f t e r  a p p l i c a t i o n  i s  
shown i n  T a b l e  7.  On t h e  a v e r a g e  28% o f  t h e  added  n i t r o g e n  was r e c o v ­
e r e d  i n  t h e  a b oveg round  p l a n t  p o r t i o n .  P a t r i c k  and DeLaune (1976) 
found  a c o m p a ra b le  r e c o v e r y  o f  29% a t  a s t r e a m s i d e  l o c a t i o n .  The
T a b le  5 .  P e r c e n t a g e  o f  t h e  t o t a l  n i t r o g e n  i n  t h e  a b o v e g ro u n d  p o r t i o n  
of  S p a r t i n a  a l t e r n i f l o r a  d e r i v e d  from t h e  200 k g / h a  
am m on ium -n i t rogen  added  on 19 May.
23 June 23 J u l y 26 A ugus t 23 S ep t 18 A p r i l
5 2 .7  ± 4 . 4 “ 5 4 . 9  ± 2 . 5 5 1 .6  ± 2 . 0 4 8 . 7  ± 2 . 6 2 2 .1  ± 4 .6
A
mean±l s t a n d a r d  d e v i a t i o n .
T a b l e  6 .  E f f e c t  o f  n i t r o g e n  added on 19 May upon t o t a l  n i t r o g e n  
and  f e r t i l i z e r - d e r i v e d  n i t r o g e n  c o n t e n t  i n  t h e  be low ­
ground  p l a n t  b io m ass  sampled  on 23 S ep te m ber .
T r e a tm e n t T o t a l  n i t r o g e n F e r t i l i z e r - d e r i v e d
n i t r o g e n
_ °/ _ _ _ _
N i t r o g e n ,  200 k g / h a
•k
1 .0 2  a
/o
0 . 0 9  ± 0 . 0 3 +
C o n t r o l 0 . 9 4  b
*
V a lu e s  i n  t h e  same v e r t i c a l  column f o l l o w e d  by d i f f e r e n t  l e t t e r s  
d i f f e r  s i g n i f i c a n t l y  ( p < 0 . 0 5 ) .
m e a n i l  s t a n d a r d  d e v i a t i o n .
T a b le  7.  P e r c e n t a g e  o f  t h e  added  200 k g / h a  am m onium -n i t rogen  
r e c o v e r e d  i n  t h e  be low ground  and abo v eg ro u n d  p o r t i o n  
o f  S p a r t i n a  a l t e r n i f l o r a  on 23 S e p te m b e r .
R ecovery  o f  added  n i t r o g e n
R e p l i c a t i o n  -----------------------------------------------------------------
Belowground Aboveground  T o t a l
% o f  added  N'
1 24 26 50
2 25 31 56
3 32 25 57
4 36 28 64
Mean 29 28 57
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g r e a t e r  f r a c t i o n  o f  n i t r o g e n  i n  t h e  a b o v e g ro u n d  p l a n t  b io m as s  d e r i v e d  
f rom t h e  added  n i t r o g e n  a t  t h i s  i n l a n d  l o c a t i o n  ( T a b l e  5) compared to  
t h e  s t r e a m s i d e  s i t e  i n  t h e  s t u d y  o f  P a t r i c k  and DeLaune (1976)  was o f f ­
s e t  by t h e  s m a l l e r  ab o v e g ro u n d  p l a n t  b io m a s s  i n  t h e  i n l a n d  a r e a ;  t h u s  
t h e  t o t a l  amount o f  t h e  added  n i t r o g e n  r e c o v e r e d  i n  t h e  aboveground  
p l a n t  p o r t i o n  a t  t h i s  i n l a n d  s i t e  and t h e  s t r e a m s i d e  s i t e  o f  P a t r i c k  
and DeLaune (1976)  were  e s s e n t i a l l y  i d e n t i c a l .
The r e c o v e r y  o f  t h e  a p p l i e d  n i t r o g e n  i n  t h e  b e low ground  b iom ass
was d e t e r m i n e d  from a know ledge  o f  t h e  t o t a l  b e low ground  b io m as s  and
t h e  q u a n t i t y  o f  f e r t i l i z e r - d e r i v e d  n i t r o g e n  i n  t h e  b e l o w g ro u n d  p l a n t
15m a t e r i a l  o b t a i n e d  f rom N a n a l y s e s .  An a v e r a g e  o f  29% o f  t h e  added 
n i t r o g e n  was found  i n  t h e  b e lo w g ro u n d  p o r t i o n  o f  JS. a l t e r n i f l o r a  
( T a b l e  7 ) .  Recove ry  o f  t h e  added  l a b e l l e d  n i t r o g e n ,  h o w ev e r ,  v a r i e d  
g r e a t l y  b e tw ee n  d u p l i c a t e  c o r e s  f rom t h e  same n i t r o g e n  p l o t s  and  a l s o  
b e tw ee n  c o r e s  from d i f f e r e n t  n i t r o g e n  p l o t s .  T h i s  h i g h  v a r i a b i l i t y  i s  
r e f l e c t e d  i n  t h e  l a r g e  s t a n d a r d  d e v i a t i o n  a s s o c i a t e d  w i t h  f e r t i l i z e r -  
d e r i v e d  n i t r o g e n  c o n t e n t  o f  t h e  b e l o w g ro u n d  p l a n t  b io m a s s  shown i n  
T a b le  6.  The added  f e r t i l i z e r  n i t r o g e n  was a p p a r e n t l y  n o t  u n i f o r m l y  
d i s t r i b u t e d  i n  t h e  b e l o w g ro u n d  m a c r o - o r g a n i c  m a t t e r .
T a b l e  7 shows t h a t  an a v e r a g e  o f  57% o f  t h e  a p p l i e d  n i t r o g e n  was 
r e c o v e r e d  a f t e r  4 m o n th s .  The r e c o v e r y  o f  added  n i t r o g e n  i n d i c a t e d  
t h a t  S_. a l t e r n i f l o r a  h a s  a h i g h  c a p a c i t y  t o  a s s i m i l a t e  s u p p l e m e n t a l  
n i t r o g e n  i n  t h i s  n i t r o g e n - l i m i t i n g  e n v i r o n m e n t .
N i t r o g e n  n o t  a c c o u n t e d  f o r  i n  t h e  a b o v e g ro u n d  b io m a s s  and t h e  to p  
20 cm o f  s o i l  m a c r o - o r g a n i c  m a t t e r  was e i t h e r  a s s o c i a t e d  w i t h  s o i l  
o r g a n i c  m a t t e r  w h ich  p a s s e d  t h r o u g h  t h e  16-mesh s i e v e ,  p r e s e n t  as  
i n o r g a n i c  n i t r o g e n  s p e c i e s  i n  t h e  s o i l ,  be low  20 cm i n  t h e  s o i l  p r o f i l e ,
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o r  l o s t  f rom t h e  m a rs h .  N i t r o g e n  c o u l d  be  l o s t  by n i t r i f i c a t i o n -  
d e n i t r i f i c a t i o n ,  ammonia v o l a t i l i z a t i o n ,  and r em ova l  by t h e  t i d a l  
w a t e r .  The f r a c t i o n  o f  t h e  u n a c c o u n t e d - f o r  n i t r o g e n  l o s t  from t h e  
m arsh  i s  n o t  known f rom t h i s  s t u d y .
B . N i t r o g e n  Uptake  and Loss  i n  S o i l  Cores  C o n t a i n i n g  S p a r t i n a  
a l t e r n i f l o r a
T h i s  e x p e r i m e n t  was d e s i g n e d  t o  m e asu re  n i t r o g e n  l o s s  by 
n i t r i f i c a t i o n - d e n i t r i f i c a t i o n  r e a c t i o n s  and ammonia v o l a t i l i z a t i o n  
f rom c l o s e d  s o i l - S .  a l t e r n i f l o r a  s y s t e m s .  L a b e l l e d  ammonium was added  
t o  t h e  s o i l  i n  i n c r e m e n t s  r a t h e r  t h a n  one l a r g e  a d d i t i o n  i n  an e f f o r t  
t o  m a i n t a i n  minimum enhancement i n  s o i l  ammonium c o n t e n t .  A d d i t i o n  
o f  a l l  o f  t h e  ammonium i n  one a p p l i c a t i o n  would g r e a t l y  i n c r e a s e  t h e  
low l e v e l s  o f  ammonium found i n  t h i s  s o i l  c o n t a i n i n g  a v i g o r o u s  s t a n d  
o f  J3. a l t e r n i f l o r a ; t h u s ,  t h e  f a t e  o f  t h e  a p p l i e d  n i t r o g e n  c o u l d  t h e n  
p o s s i b l y  be  d i f f e r e n t  from t h a t  o f  t h e  n a t i v e  s o i l  ammonium. Reddy 
and P a t r i c k  ( 1 9 7 7 ) ,  f o r  ex am p le ,  o b s e r v e d  t h a t  n i t r o g e n  l o s s  from a 
f l o o d e d  s o i l  i n c r e a s e d  when t h e  r a t e  o f  ammonium a p p l i c a t i o n  was 
i n c r e a s e d .  The r a t e  o f  am m onium -n i t rogen  a d d i t i o n ,  a p p r o x i m a t e l y  
10 p g / g  o f  s o i l  e v e r y  2 w eek s ,  was l e s s  t h a n  t h e  r a t e  f o r  n i t r o g e n  
m i n e r a l i z a t i o n  o f  12 y g / g  s o i l / w e e k  o b s e r v e d  d u r i n g  an i n c u b a t i o n  o f  
s a l t  marsh  s o i l  i n  t h e  l a b o r a t o r y  by P a t r i c k  and DeLaune (1976) .
T h i s  method  o f  m e a s u r i n g  g a s e o u s  n i t r o g e n  l o s s  from s o i l - £ [ .  
a l t e r n i f l o r a  s y s t e m s  as  t h e  u n a c c o u n te d  p o r t i o n  o f  l a b e l l e d  ammonium 
added  i n  i n c r e m e n t s  t o  t h e  s o i l  a p p e a r s  t o  be  a u n iq u e  a p p r o a c h  n o t  
r e p o r t e d  i n  t h e  l i t e r a t u r e .
The v a r i a t i o n  i n  d ry  w e i g h t  and t o t a l  n i t r o g e n  c o n t e n t  o f  p l a n t  
s h o o t s  and s o i l  p l u s  b e low ground  p l a n t  b io m a s s  among r e p l i c a t i o n s  a t
t h e  t e r m i n a t i o n  o f  t h e  e x p e r i m e n t  on 16 O c to b e r  i s  shown i n  T a b le  8 .  
N i t r o g e n  c o n t e n t  o f  t h e  p l a n t  s h o o t s  v a r i e d  from 0 . 7 5  t o  1.03%.
N i t r o g e n  c o n t e n t  o f  t h e  s o i l  i n c l u d i n g  t h e  b e lo w g ro u n d  p l a n t  m a t e r i a l  
was l e s s  v a r i a b l e ;  i t  a v e r a g e d  0.42% and a g r e e d  c l o s e l y  w i t h  t h e  v a l u e s  
found a t  t h e  s t r e a m s i d e  s i t e s  o f  t h e  marsh  t r a n s e c t  shown i n  F i g u r e  5.
The b u l k  d e n s i t y  o f  t h e  c o r e s  i n  t h e  two t r e a t m e n t s  v a r i e d  from 0 .34
3 3t o  0 . 4 0  g/cm and a v e r a g e d  0 . 3 6  g/cm . These h i g h  s o i l  d e n s i t y  v a l u e s
a r e  c h a r a c t e r i s t i c  o f  t h e  s t r e a m s i d e  a r e a  ( F i g u r e  3 ) ,  w he re  t h e  s o i l
c o r e s  w ere  o r i g i n a l l y  o b t a i n e d .
15R e c o v e r i e s  o f  t h e  added  N l a b e l l e d  ammonium a t  t h e  t e r m i n a t i o n  
o f  t h e  e x p e r i m e n t ,  a p p r o x i m a t e l y  21 weeks a f t e r  t h e  f i r s t  n i t r o g e n  
a d d i t i o n ,  w ere  e s s e n t i a l l y  i d e n t i c a l  i n  t h e  a l t e r n a t e  and t h e  c o n s t a n t  
f l o o d w a t e r  t r e a t m e n t s  (T a b l e  9 ) .  I n  b o t h  t r e a t m e n t s  s l i g h t l y  more 
added  n i t r o g e n  was found  i n  t h e  abo v eg ro u n d  p l a n t  p o r t i o n  t h a n  i n  t h e  
s o i l  p l u s  b e lo w g ro u n d  p l a n t  m a t e r i a l .  I n  t h e  a l t e r n a t e  f l o o d i n g  and 
d r y i n g  s o i l  t r e a t m e n t  an a v e r a g e  o f  50 and 43% o f  t h e  a p p l i e d  n i t r o g e n  
was found  i n  t h e  abo v eg ro u n d  and b e low ground  p l u s  s o i l  f r a c t i o n s ,  
r e s p e c t i v e l y .  The c o r r e s p o n d i n g  r e c o v e r i e s  f o r  t h e  t r e a t m e n t  w i t h  
c o n s t a n t l y  f l o o d e d  s o i l  were  51 and 40%, r e s p e c t i v e l y .  An a v e r a g e  o f  
9% o f  t h e  n i t r o g e n  i n  t h e  S_. a l t e r n i f l o r a  s h o o t s  from eac h  t r e a t m e n t  
was d e r i v e d  f rom t h e  a p p l i e d  n i t r o g e n .
T a b l e  9 shows t h a t  o v e r  90% o f  t h e  added  l a b e l l e d  ammonium was 
a c c o u n t e d  f o r  i n  b o t h  t r e a t m e n t s  a t  t h e  c o n c l u s i o n  o f  t h e  e x p e r i m e n t .  
The r e c o v e r i e s  i n  T a b l e  9 w ere  n o t  c o r r e c t e d  f o r  s am p le  l o s s  d u r i n g  
t h e  K j e l d a h l  n i t r o g e n  d e t e r m i n a t i o n .  N i t r o g e n  r e c o v e r y  i n  t h e  
K j e l d a h l  d i g e s t i o n  and d i s t i l l a t i o n  was a p p r o x i m a t e l y  98%. C o r r e c t i o n  
o f  t h e  v a l u e s  i n  T a b l e  9 f o r  a 2% l o s s  d u r i n g  n i t r o g e n  a n a l y s i s  would
T a b le  8.  Dry w e i g h t  and t o t a l  n i t r o g e n  c o n t e n t  o f  S p a r t i n a  a l t e r n i f l o r a  s h o o t s  and s o i l  p l u s  r o o t s  
and t h e  b u l k  d e n s i t y  o f  t h e  s o i l  c o r e s  a t  t h e  t e r m i n a t i o n  o f  t h e  e x p e r i m e n t .
T r e a tm e n t  R e p l i c a t i o n
Dry w e i g h t T o t a l  n i t r o g e n S o i l
P l a n t  s h o o t s  S o i l  + r o o t s P l a n t  s h o o t s S o i l  + r o o t s d e n s i t y
. V / 3 g/cmg ~ /o
P l a n t s  1 











0 . 4 0
3 135 2356 0 .8 4 0 .4 2 0 .3 4
4 176 2455 0 .8 4 0 .4 4 0 .3 5
P l a n t s
c o n s t a n t  f l o o d w a t e r
1 179 2516 0 .7 9 0 .4 1 0 . 3 6
2 135 2502 1 .0 3 0 . 4 3 0 . 3 6
3 135 2553 0 .9 5 0 . 4 3 0 . 3 7
4 233 2435 0 .7 5 0 . 4 1 0 . 3 5
cr>cr\
T a b le  9 .  E f f e c t  o f  a l t e r n a t e  and  c o n s t a n t  f l o o d i n g  on t h e  r e c o v e r y  o f  t h e  added  am monium -ni t rogen
and t h e  f r a c t i o n  o f  t h e  t o t a l  n i t r o g e n  i n  t h e  aboveg round  p o r t i o n  o f  S p a r t i n a  a l t e r n i f l o r a 
d e r i v e d  from t h e  added  n i t r o g e n .
T re a tm e n t R e p l i c a t i o n
Recovery o f  added  n i t r o g e n P l a n t  n i t r o g e n  
from 
added  n i t r o g e nS o i l  +  r o o t s Aboveground T o t a l










1 1 1 1 1 1
2 41 45 86 9
3 41 49 91 11
4 41 53 94 9
Mean 43 50 93 9
C o n s t a n t  f l o o d w a t e r 1 39 51 90 9
2 42 52 94 9
3 41 48 89 9
4 37 55 92 8
Mean 40 51 91 9
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r e s u l t  i n  even  g r e a t e r  r e c o v e r i e s  o f  t h e  a p p l i e d  n i t r o g e n .  The 
u n a c c o u n t e d - f o r  n i t r o g e n ,  which  r e p r e s e n t s  a b o u t  5 t o  10% o f  t h e  t o t a l  
a p p l i e d  a m m o n iu m -n i t ro g en ,  p r e s u m a b ly  c o u l d  have  b e e n  l o s t  by 
n i t r i f i c a t i o n - d e n i t r i f i c a t i o n  r e a c t i o n s  and ammonia v o l a t i l i z a t i o n .
The pH o f  t h e  s o i l  c o r e s  m e asu re d  a t  t h e  t e r m i n a t i o n  o f  t h e  
e x p e r i m e n t  v a r i e d  b o t h  w i t h i n  t h e  same c o r e  and among r e p l i c a t e  c o r e s .  
T a b le  10 shows d u p l i c a t e  s o i l  pH p r o f i l e s  f o r  each  r e p l i c a t i o n  o f  t h e  
c o n s t a n t l y  f l o o d e d  s o i l  t r e a t m e n t .  The h i g h e s t  r e c o r d e d  s o i l  pH v a l u e  
was 7 . 2 ,  and t h e  pH o f  t h e  f l o o d w a t e r  r a n g e d  from 7 .1  t o  7 . 3 .  The s o i l  
pH v a l u e s  i n  t h e  a l t e r n a t e l y  f l o o d e d  s o i l  t r e a t m e n t  d i d  n o t  e x c e e d  7 .2  
and t e n d e d  t o  d e c r e a s e  when t h e  s o i l  d r i e d .  The pH v a l u e s  o f  t h e  s o i l  
and f l o o d w a t e r  i n d i c a t e  t h a t  ammonia v o l a t i l i z a t i o n  was p r o b a b l y  
n e g l i g i b l e  s i n c e  r e s e a r c h e r s  ( f o r  exam ple ,  V e n tu ra  and  Y o s h id a  1977) 
h ave  shown t h a t  v o l a t i l i z a t i o n  o f  ammonia from s o i l s  be low  pH 7 . 5  i s  
v e r y  s m a l l .
N i t r i f i c a t i o n - d e n i t r i f i c a t i o n  r e a c t i o n s  have  b e e n  shown t o  be  a 
mechan ism o f  am m on ium -n i t rogen  l o s s  from f l o o d e d  s o i l  ( P a t r i c k  and 
Reddy 1976) „ Ammonium i n  t h e  s o i l  can  d i f f u s e  i n t o  e i t h e r  t h e  s u r f a c e  
o x i d i z e d  l a y e r  o r  t h e  o x i d i z e d  r h i z o s p h e r e  where  i t  can  be  c o n v e r t e d  
t o  n i t r a t e  v i a  t h e  n i t r i f i c a t i o n  p r o c e s s .  The n i t r a t e  can  t h e n  d i f f u s e  
to  t h e  a n a e r o b i c  s o i l  zone and be  l o s t  v i a  d e n i t r i f i c a t i o n .  However,  
t h e  low l e v e l s  o f  u n a c c o u n t e d - f o r  n i t r o g e n  shown i n  T a b l e  9 i n d i c a t e  
t h a t  l o s s  o f  ammonium by n i t r i f i c a t i o n - d e n i t r i f i c a t i o n  was v e r y  s m a l l .
The s i m i l a r  r e c o v e r i e s  o f  added  n i t r o g e n  i n  t h e  a l t e r n a t e  and 
c o n s t a n t  f l o o d w a t e r  t r e a t m e n t s  show t h a t  a l t e r n a t e  w e t t i n g  and d r y i n g  
o f  t h e  s o i l  d i d  n o t  e n h an c e  n i t r o g e n  l o s s .  A l t e r n a t e  f l o o d i n g  and 
d r y i n g  o f  s o i l  s y s t e m s  h a s  b een  shown t o  i n c r e a s e  n i t r o g e n  l o s s
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T a b le  10.  D u p l i c a t e  pH p r o f i l e s  f o r  c o n s t a n t l y  f l o o d e d  s o i l  c o r e s
c o n t a i n i n g  S p a r t i n a  a l t e r n i f l o r a  a t  t h e  c o n c l u s i o n  o f  
t h e  e x p e r i m e n t .
R e p l i c a t i o n
Depth-------------- -------------------------------------------------------------------------------------------
cm  pH--------------------------------------------
f l o o d w a t e r  7 . 1  7 .2  7 . 2  7 .3
2 . 5  6 . 6  6 . 5  6 . 5  6 . 6  6 . 4  6 . 9  7 .2  6 . 6
5 . 0  6 . 5  6 . 4  6 . 4  6 . 5  6 . 3  6 . 9  6 . 6  6 . 5
7 .5  6 . 4  6 . 4  6 . 3  6 . 4  6 . 3  6 . 9  6 . 5  6 .4
1 0 .0  6 . 4  6 . 4  6 . 3  6 . 4  6 . 3  6 . 7  6 . 4  6 . 3
1 2 .5  6 . 3  6 . 3  6 . 3  6 . 3  6 . 2  6 . 7  6 . 3  6 . 3
1 5 . 0  6 . 3  6 . 3  6 . 2  6 . 3  6 . 2  6 . 8  6 . 3  6 .2
f o l l o w i n g  a p p l i c a t i o n  o f  ammonium ( P a t r i c k  and Wyatt  1964,  Tusneem 
and P a t r i c k  1971,  Reddy and  P a t r i c k  1 9 7 5 ) ,  b u t  i n  t h i s  s o i l - p l a n t  
s y s t e m  t h e  a l t e r n i f l o r a  a p p a r e n t l y  a s s i m i l a t e d  t h e  i n o r g a n i c  n i t r o ­
gen i n  t h e  n i t r o g e n - l i m i t e d  s o i l  e n v i ro n m e n t  b e f o r e  i t  c o u l d  u n d e rg o  
t h e  n i t r i f i c a t i o n - d e n i t r i f i c a t i o n  r e a c t i o n s .  The g r e a t  a b i l i t y  o f  
_S. a l t e r n i f l o r a  t o  a s s i m i l a t e  n i t r o g e n  i s  r e f l e c t e d  by t h e  r e c o v e r y  o f  
a p p r o x i m a t e l y  50% o f  t h e  added  n i t r o g e n  i n  p l a n t  s h o o t s ;  a l s o  a l a r g e  
f r a c t i o n  o f  t h e  ad d ed  n i t r o g e n  found  i n  t h e  s o i l  was p r e s u m a b ly  a s s o c i ­
a t e d  w i t h  p l a n t  r o o t s  and  r h i z o m e s .
The h i g h  r e c o v e r y  o f  t h e  added  ammonium i n d i c a t e s  t h a t  l o s s  o f  
ammonium v i a  n i t r i f i c a t i o n - d e n i t r i f i c a t i o n  and ammonia v o l a t i l i z a t i o n  
from t h e s e  s a l t  m arsh  s o i l s  c o n t a i n i n g  v i g o r o u s  s t a n d s  o f  S_. a l t e r n i ­
f l o r a  i s  v e r y  s m a l l  d u r i n g  t h e  summer.
P e r c e n t  r e c o v e r y  o f  t h e  a p p l i e d  n i t r o g e n  was g r e a t e r  i n  t h i s  
s t u d y  t h a n  t h e  p r e v i o u s l y  d e s c r i b e d  f i e l d  s t u d y .  A d d i t i o n  o f  ammonium 
i n  i n c r e m e n t s  and  a p p l i c a t i o n  o f  a s m a l l e r  t o t a l  q u a n t i t y  o f  n i t r o g e n ,
72 k g / h a  compared  to  200 k g / h a  i n  t h e  f i e l d  s t u d y ,  p r o b a b l y  a l l o w e d  
f o r  g r e a t e r  e f f i c i e n c y  o f  a s s i m i l a t i o n  by S_. a l t e r n i f l o r a . The a b o v e ­
g round  p l a n t  b io m a s s  p e r  u n i t  a r e a  was a l s o  g r e a t e r  i n  t h i s  e x p e r i m e n t  
t h a n  i n  t h e  f i e l d  s t u d y .  In  t h i s  e x p e r i m e n t  u n a c c o u n t e d - f o r  n i t r o g e n  
was l o s t  o n l y  as  g a s e o u s  n i t r o g e n ,  b u t  i n  t h e  f i e l d  t h e  u n a c c o u n t e d -  
f o r  n i t r o g e n  c o u l d  a l s o  h a v e  b een  l o s t  by t i d a l  a c t i o n  o r  e l s e  r e m a in e d  
i n  t h e  unsam pled  b e l o w g ro u n d  p o r t i o n  o f  t h e  s o i l - p l a n t  s y s t e m .
C. N i t r o g e n  Loss  i n  S o i l  Cores  w i t h o u t  S p a r t i n a  a l t e r n i f l o r a
The d r y  w e i g h t ,  t o t a l  n i t r o g e n  c o n t e n t ,  and d e n s i t y  o f  t h e  con ­
s t a n t l y  f l o o d e d  s o i l  c o r e s  w i t h o u t  Ŝ . a l t e r n i f l o r a  a r e  g i v e n  i n  T a b l e  11 .
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T a b l e  11 .  Dry w e i g h t ,  t o t a l  n i t r o g e n  c o n t e n t ,  and d e n s i t y  o f  t h e  
c o n s t a n t l y  f l o o d e d  s o i l  c o r e s  w i t h o u t  p l a n t s .
R e p l i c a t i o n Dry w e i g h t T o t a l  n i t r o g e n S o i l  d e n s i t y
8 % g /  cm3
1 2462 0 .3 4 0 . 3 5
2 2573 0 .3 4 0 . 4 1
3 2844 0 . 3 3 0 .4 1
4 2219 0 . 3 8 0 . 3 2
72
T o t a l  s o i l  n i t r o g e n  c o n t e n t  o f  t h e s e  c o r e s  o b t a i n e d  from t h e  s t r e a m -
s a l t  m arsh  i n t e r f a c e  r a n g e d  from 0 . 3 3  to  0.38% and was l e s s  t h a n  t h e
n i t r o g e n  c o n t e n t  i n  t h e  c o r r e s p o n d i n g  s o i l  c o r e s  c o n t a i n i n g  S_. a l t e r -
3
n i f l o r a  shown i n  T a b l e  9 .  S o i l  d e n s i t y  a v e r a g e d  0 . 3 6  g/cm .
The p e r c e n t a g e  o f  t h e  added  l a b e l l e d  ammonium r e c o v e r e d  a t  t h e  
t e r m i n a t i o n  o f  t h e  e x p e r i m e n t ,  a p p r o x i m a t e l y  21 weeks a f t e r  t h e  f i r s t  
n i t r o g e n  a d d i t i o n ,  a v e r a g e d  55% and d i d  n o t  v a r y  g r e a t l y  among r e p l i ­
c a t i o n s  (T a b l e  1 2 ) .
An e x p e r i m e n t  was c o n d u c t e d  to  a s c e r t a i n  i f  l a b e l l e d  n i t r o g e n  was 
l o s t  d u r i n g  t h e  d r y i n g  p r o c e s s  a t  t h e  t e r m i n a t i o n  o f  t h e  e x p e r i m e n t .
Two h u n d re d  mg o f  ^ N - e n r i c h e d  am m onium -n i t rogen  was added  w i t h  a 
n e e d l e  and s y r i n g e  i n  t h e  u s u a l  f a s h i o n  to  a s o i l  c o r e  c o m p a r a b le  i n  
s i z e  to  t h e  e x p e r i m e n t a l  c o r e s .  The f l o o d w a t e r  was n e x t  a c i d i f i e d ;  
t h e  s o i l  was d r i e d  i n  t h e  same manner a s  t h e  4 e x p e r i m e n t a l  c o r e s  and 
t h e n  a n a l y z e d  f o r  l a b e l l e d  n i t r o g e n .  Only 87% o f  t h e  added  l a b e l l e d  
ammonium was r e c o v e r e d .  The u n r e c o v e r e d  n i t r o g e n  was assumed t o  be 
l o s t  d u r i n g  th e  d r y i n g  p r o c e s s .  N i t r o g e n  was l o s t  even  th o u g h  t h e  
f l o o d w a t e r  was a c i d i f i e d  b e f o r e  d r y i n g .  I n  t h e  f u t u r e  t h e  l o s s  o f  
n i t r o g e n  c o u l d  p r o b a b l y  be  m in im ized  by use  o f  f r e e z e  d r y i n g  r a t h e r  
t h a n  oven  d r y i n g .
C o r r e c t i o n  f o r  t h e  l o s s  o f  n i t r o g e n  d u r i n g  s o i l  d r y i n g  i n c r e a s e d  
t h e  a v e r a g e  r e c o v e r y  o f  t h e  a p p l i e d  n i t r o g e n  i n  t h e  s o i l  c o r e s  f rom 
55 to  64% ( T a b l e  1 2 ) .  Even w i t h  t h i s  c o r r e c t i o n  t h e  a c c o u n t e d - f o r  
n i t r o g e n  was s u b s t a n t i a l l y  low er  i n  t h e  s o i l  c o r e s  w i t h o u t  S_. a l t e r n i ­
f l o r a  t h a n  t h o s e  w i t h  S. a l t e r n i f l o r a  shown i n  T a b l e  9 .  Gaseous  l o s s  
o f  t h e  added  am m onium -n i t rogen  was a p p a r e n t l y  much g r e a t e r  i n  t h e  
a b s e n c e  t h a n  t h e  p r e s e n c e  o f  Ŝ . a l t e r n i f l o r a .
T a b l e  12 .  P e r c e n t a g e  o f  t h e  added  
c o n s t a n t l y  f l o o d e d  s o i l
R ecovery  o f
R e p l i c a t i o n  -----------------------------------







am m onium -n i t rogen  r e c o v e r e d  i n  
c o r e s .
added  n i t r o g e n








T a b l e  13 shows pH p r o f i l e s  f o r  t h e  s o i l  c o r e s  a t  t h e  t e r m i n a t i o n  
o f  t h e  e x p e r i m e n t .  S o i l  pH v a l u e s  w ere  g r e a t e r  i n  t h e s e  c o r e s  t h a n  
t h o s e  w i t h  S_. a l t e r n i f l o r a  shown i n  T a b l e  10 .  P r o d u c t i o n  o f  o r g a n i c  
a c i d s  and c a r b o n  d i o x i d e  i n  t h e  r o o t  zone  p r o b a b l y  a c c o u n t s  f o r  t h e  
lo w er  pH v a l u e s  i n  s o i l  c o n t a i n i n g  s t a n d s  o f  jS. a l t e r n i f l o r a . The pH 
o f  t h e  f l o o d w a t e r  was a l s o  much g r e a t e r  i n  t h e s e  c o r e s  w i t h o u t  p l a n t s ;  
i t  v a r i e d  from 8 . 7  t o  9 . 0  a t  t h e  c o n c l u s i o n  o f  t h e  e x p e r i m e n t .  A lg a l  
growth  was p r e s e n t  i n  t h e  f l o o d w a t e r ;  hence  t h e  u t i l i z a t i o n  o f  d i s ­
s o l v e d  c a r b o n  d i o x i d e  by t h e  a l g a e  f o r  p h o t o s y n t h e s i s  p r o b a b l y  c a u s e d  
t h e  h i g h  pH o f  t h e  f l o o d w a t e r .
The s u r f a c e  s o i l  pH v a l u e s  o f  7 .5  o r  more i n  3 o f  t h e  4 c o r e s  
and t h e  h i g h  pH o f  t h e  f l o o d w a t e r  i n d i c a t e  t h a t  v o l a t i l i z a t i o n  o f  
ammonia was a p r o b a b l e  pa thway  o f  n i t r o g e n  l o s s .  L a b e l l e d  ammonium 
added  to  t h e  s o i l  c o u l d  h a v e  d i f f u s e d  t h r o u g h  t h e  s o i l  p r o f i l e  to  t h e  
s o i l  s u r f a c e  and f l o o d w a t e r  w here  t h e  pH was s u f f i c i e n t l y  h i g h  f o r  
v o l a t i l i z a t i o n .  A l g a l  g row th  i n  t h e  f l o o d w a t e r ,  x^hich had a m a jo r  
im p a c t  on pH, en h a n c e d  t h e  p o t e n t i a l  f o r  ammonia v o l a t i l i z a t i o n .
N i t r o g e n  c o u ld  a l s o  h ave  b e e n  l o s t  by n i t r i f i c a t i o n - d e n i t r i f i c a ­
t i o n  r e a c t i o n s .  However,  r e l a t i v e  c o n t r i b u t i o n s  o f  n i t r i f i c a t i o n -  
d e n i t r i f i c a t i o n  and  ammonia v o l a t i l i z a t i o n  t o  t h e  g a s e o u s  l o s s  o f  
ammonium c a n n o t  be  s e p a r a t e d  i n  t h i s  e x p e r i m e n t .  The r e s u l t s  o f  t h i s  
e x p e r i m e n t  must  be  i n t e r p r e t e d  c a u t i o u s l y  s i n c e  t h e  h i g h  pH o f  t h e  
f l o o d w a t e r  c o u l d  h a v e  r e s u l t e d  i n  a h i g h e r  r a t e  o f  ammonia v o l a t i l i z a ­
t i o n  t h a n  i s  n o r m a l l y  p r e s e n t  i n  t h e  s a l t  m a rs h ,  and t h u s  t h e  l o s s  o f  
a p p r o x i m a t e l y  35% o f  t h e  added  am m onium -n i t rogen  may be  an o v e r ­
e s t i m a t i o n  o f  n i t r o g e n  l o s s  u n d e r  n o rm a l  m arsh  c o n d i t i o n s .
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T a b le  13 .  pH p r o f i l e  o f  c o n s t a n t l y  f l o o d e d  s o i l  c o r e s  a t  t h e
t e r m i n a t i o n  o f  t h e  e x p e r i m e n t .
R e p l i c a t i o n
D e p t h  ---------------------------------------------------------------------------------------
1 2  3 4
cm  p H -------------------------------------
f l o o d w a t e r  8 .9  8 . 7  8 . 7  9 . 0
2 . 5  7 .0  7 . 8  7 . 5  7 .8
5 . 0  6 .9  7 . 5  7 .2  7 .2
7 .5  6 . 9  7 .4  7 .1  7 .0
1 0 .0  6 . 8  7 .4  7 .0  6 . 9
1 2 .5  6 . 8  7 .3  6 . 9  6 .9
1 5 . 0  6 . 8  7 .2  6 . 9  6 . 9
1 7 . 5  6 . 8  7 .1  6 . 9  6 . 9
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D. F a t e  o f  N i t r a t e - N i t r o g e n  i n  S e d im e n t -W a te r  Columns
The t o t a l  amount  and c o n c e n t r a t i o n  o f  n i t r a t e -  p l u s  n i t r i t e -  
n i t r o g e n  (NO^+NO^-N) and am m onium -n i t rogen  (NH^-N) p r e s e n t  i n  t h e  
s e d i m e n t - w a t e r  co lumns  b e f o r e  and a f t e r  t h e  a d d i t i o n  o f  1 ,5 0 0  y g  
n i t r a t e - n i t r o g e n  i n  1 0 ' i n c r e m e n t s  a r e  shown i n  T a b le  14 .  The t o t a l  
amount o f  a n i t r o g e n  form p r e s e n t  i n  t h e  o v e r l y i n g  w a t e r  and th e  s e d i ­
ment was c o n v e r t e d  t o  a c o n c e n t r a t i o n  e x p r e s s i o n  from a knowledge  o f  
t h e  volume o f  t h e  o v e r l y i n g  w a t e r  and d ry  w e i g h t  o f  t h e  s e d i m e n t ,  
r e s p e c t i v e l y .  The d i s t i l l a t i o n  p r o c e d u r e  employed f o r  t h e  d e t e r m i n a ­
t i o n  o f  i n o r g a n i c  n i t r o g e n  forms d i d  n o t  s e p a r a t e  n i t r a t e  and n i t r i t e .  
However ,  n i t r i t e  c o n c e n t r a t i o n s  a r e  g e n e r a l l y  much lo w e r  t h a n  n i t r a t e  
c o n c e n t r a t i o n s  i n  s o i l s  and s e d i m e n t s  ( f o r  ex am p le ,  s e e  Chalmers  e t  a l . 
1976) .
A low l e v e l  o f  n a t i v e  n i t r a t e -  p l u s  n i t r i t e - n i t r o g e n  was p r e s e n t  
i n  t h e  o v e r l y i n g  w a t e r  and t h e  s e d im e n t  b e f o r e  t h e  a d d i t i o n  o f  l a b e l l e d  
n i t r a t e .  I t  was p r o b a b l y  formed by n i t r i f i c a t i o n  i n  t h e  t h i n ,  b r o w n i s h -  
c o l o r e d ,  o x i d i z e d  l a y e r  o f  s u r f a c e  s e d i m e n t .  The n a t i v e  ammonium- 
n i t r o g e n  c o n c e n t r a t i o n  was 7 .7  y g / g .
N i t r a t e -  p l u s  n i t r i t e - n i t r o g e n  and am m onium -n i t rogen  c o n c e n t r a ­
t i o n s  a f t e r  i n c u b a t i o n  w i t h  added  n i t r a t e  i n  e i t h e r  t h e  w a t e r  o r  t h e  
s e d i m e n t  d i d  n o t  d i f f e r  g r e a t l y  from t h e i r  r e s p e c t i v e  c o n c e n t r a t i o n s  
b e f o r e  n i t r a t e  a d d i t i o n .  In  a l l  c a s e s  t h e  l e v e l s  o f  i n o r g a n i c  
n i t r o g e n  w ere  much g r e a t e r  i n  t h e  s e d im e n t  t h a n  i n  t h e  w a t e r .
The r e c o v e r y  o f  t h e  added  i n  t h e  s e d i m e n t  o f  s e d i m e n t - w a t e r  
co lumns  31 days  a f t e r  t h e  f i r s t  n i t r a t e  a d d i t i o n  and 4 d ays  a f t e r  t h e  
l a s t  a d d i t i o n  i s  shown i n  T a b l e  15 .  L ess  t h a n  1% o f  t h e  added  n i t r a t e -  
n i t r o g e n  r e m a in e d  i n  t h e  s e d i m e n t  a s  n i t r a t e ,  and o n l y  a v e r y  s m a l l
T a b l e  14 .  The t o t a l  amount and c o n c e n t r a t i o n  o f  i n o r g a n i c  n i t r o g e n  forms  p r e s e n t  i n  t h e  s e d i m e n t -
w a t e r  columns b e f o r e  and a f t e r  t h e  a d d i t i o n  o f  1 ,5 0 0  yg n i t r a t e - n i t r o g e n  i n  10 i n c r e m e n t s  
to  e i t h e r  t h e  o v e r l y i n g  w a t e r  o r  t h e  s e d i m e n t .
Time o f  s a m p l in g T o t a l  amount o f  n i t r o g e n  forms C o n c e n t r a t i o n  o f  n i t r o g e n  forms
Water Sed im ent
N 0"+N 0o -N  N H t-N # 
3 2 4
N O + N O - N  NH^-N  
3 2 4
Water
N 0„+N 0 -N  Nh| - n ' 
3 2 4
Sedim ent
NO + N 0 ~-N  N H t-N  
3 2 4
-yg- -yg/m l ' - y g / g -
B e f o r e  a d d i t i o n 1 . 5 a 29 245 0 .0 2 a 0 .9 7 .7
A f t e r  a d d i t i o n  to  w a t e r  + 5 .4 a 38 237 0 . 0 7 a 1 . 2 7 .4
A f t e r  a d d i t i o n  t o  s e d im e n t  + 7 .4 6 . 3 56 286 0 .1 0 0 .0 9 1 . 3 8 .7
’a "  i n d i c a t e s  t h a t  t h e  r e s p e c t i v e  fo rm o f  n i t r o g e n  was p r e s e n t  i n  amounts  l e s s  t h a n  1 y g .
V a lu e s  w ere  d e t e r m i n e d  31 days  a f t e r  t h e  f i r s t  n i t r a t e  a d d i t i o n  and 4 days  a f t e r  t h e  l a s t  a d d i t i o n .
T ab le  15 .  D i s t r i b u t i o n  o f  l a b e l l e d  n i t r o g e n  i n  t h e  s e d im e n t  o f  s e d i m e n t - w a t e r  columns a f t e r  t h e
a d d i t i o n  o f  1 ,5 0 0  yg ^ N - l a b e l l e d  n i t r a t e - n i t r o g e n  i n  10 i n c r e m e n t s  o v e r  a 27 -day  p e r i o d  
t o  e i t h e r  t h e  o v e r l y i n g  w a t e r  o r  t h e  s e d i m e n t .
T re a tm e n t Recovery  o f  added  n i t r o g e n  i n  s e d im e n t  
N0~+N0~-N NH^-N O rg a n ic  N NH^+Organic N
Unaccoun ted  f o r  N
A d d i t i o n  t o  w a t e r







% o f  added  N- 




The v a l u e s  w ere  d e t e r m i n e d  31 days  a f t e r  t h e  f i r s t  n i t r a t e  a d d i t i o n  and 4 days  a f t e r  t h e  l a s t  
a d d i t i o n .
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f r a c t i o n  was c o n v e r t e d  t o  ammonium i n  b o t h  t r e a t m e n t s .  Most  o f  t h e  
r e c o v e r e d  was p r e s e n t  a s  o r g a n i c  n i t r o g e n .  I n c o r p o r a t i o n  o f  t h e  
added  n i t r a t e  i n t o  o r g a n i c  m a t t e r  was s u b s t a n t i a l l y  g r e a t e r  when i t  
was added  to  t h e  s e d i m e n t  r a t h e r  t h a n  t h e  o v e r l y i n g  f l o o d w a t e r .
The m a j o r i t y  o f  t h e  added  was n o t  a c c o u n t e d  f o r  a t  t h e  
t e r m i n a t i o n  o f  t h e  i n c u b a t i o n .  The u n a c c o u n t e d - f o r  n i t r o g e n  c o u ld  
have  b een  (1) p r e s e n t  i n  t h e  o v e r l y i n g  f l o o d w a t e r  a s  i n o r g a n i c  n i t r o g e n  
s p e c i e s  w h ich  w ere  a t  i n s u f f i c i e n t  l e v e l s  f o r  a n a l y s i s ,  (2)  p r e s e n t
i n  t h e  o v e r l y i n g  w a t e r  and th e '  s o i l  e x t r a c t s  a s  s o l u b l e  o r g a n i c  n i t r o ­
gen which  was n o t  d e t e r m i n e d ,  (3)  p r e s e n t  i n  t h e  o v e r l y i n g  w a t e r  a s  
p a r t i c u l a t e  n i t r o g e n  w hich  was removed by f i l t r a t i o n  and n o t  m e a su re d ,  
and (4)  l o s t  from t h e  s e d i m e n t - w a t e r  s y s t e m  as  n i t r o g e n o u s  g a s e s .  The 
t o t a l  q u a n t i t y  o f  i n o r g a n i c  n i t r o g e n  i n  t h e  o v e r l y i n g  w a t e r  shown i n  
T ab le  14 was l e s s  t h a n  1% o f  t h e  1 ,5 0 0  yg added  n i t r o g e n .  The l e v e l  
o f  s o l u b l e  o r g a n i c  n i t r o g e n  i n  t h e  f i l t e r e d  w a t e r  and e x t r a c t  s am p les  
was p r o b a b l y  low a s  t h e  s am p le s  w ere  n o t  n o t i c e a b l y  c o l o r e d .  A s m a l l  
q u a n t i t y ,  b u t  p r o b a b l y  n o t  more t h a n  2 to  3%, o f  t h e  l a b e l l e d  n i t r o g e n  
may have  b e e n  l o s t  a s  p a r t i c u l a t e  n i t r o g e n  removed from t h e  o v e r l y i n g  
w a t e r  by f i l t r a t i o n .  C o n s e q u e n t l y ,  i t  can  be c o n c l u d e d  t h a t  t h e  
u n a c c o u n t e d - f o r  n i t r o g e n  was e s s e n t i a l l y  l o s t  from t h e  s e d i m e n t - w a t e r  
s y s t e m s ,  and t h a t  d e n i t r i f i c a t i o n  was t h e  main f a t e  o f  t h e  added 
n i t r a t e .  Ammonia v o l a t i l i z a t i o n  was p r e s u m a b l y  s m a l l ,  a s  t h e  pH o f  
t h e  o v e r l y i n g  w a t e r  was be low  8.
T a b le  16 shows t h e  c h a n g e s  i n  t h e  t o t a l  amount and c o n c e n t r a t i o n  
o f  i n o r g a n i c  n i t r o g e n  fo rms  i n  t h e  s e d i m e n t - w a t e r  co lumns  a f t e r  
a d d i t i o n  o f  1 ,5 0 0  yg n i t r a t e - n i t r o g e n  to  t h e  o v e r l y i n g  w a t e r .  N i t r a t e  
l e v e l s  i n  t h e  o v e r l y i n g  w a t e r  d e c r e a s e d  w i t h  i n c u b a t i o n  t i m e .  The
T a b l e  16 .  E f f e c t  o f  t h e  a d d i t i o n  o f  1 ,5 0 0  yg n i t r a t e - n i t r o g e n  to  t h e  o v e r l y i n g  w a t e r  o f  s e d i m e n t - w a t e r  
columns upon t h e  t o t a l  amount and c o n c e n t r a t i o n  o f  i n o r g a n i c  n i t r o g e n  forms i n  t h e  o v e r l y i n g  
w a t e r  and t h e  s e d i m e n t .
I n c u b a t i o n  p e r i o d T o t a l amount o f n i t r o g e n  forms C o n c e n t r a t i o n  o f n i t r o g e n  forms
Water Sedim ent Water Sedim ent
no3+no?- n
I-
NH.-N4 no3+no2- n nh'I'-n4 no~+no~ - n
+ * 
NH.-N4 no3+no“ - n NHt-N4
h o u r s dg yg/m l ~ y g /g  ■
5 + 6 .1 191 124 + 0 .0 7 5 . 7 3 .7
10 470 a 280 292 5 . 3 a 8 .7 9 . 0
22 447 8 . 9 300 361 5 . 4 0 .1 1 9 .3 1 1 .2
33 419 2 .9 218 348 5 . 1 0 . 0 3 6 . 8 1 0 .9
50 218 1 . 2 114 348 2 . 8 0 . 0 1 3 .6 1 1 .0
72 91 a 73 254 1 . 3 a 2 .3 7 .9
144 — — 21 152 — — 0 . 6 4 . 7
816 4 . 3 2 .3 32 226 0 .0 6 0 . 0 3 1 . 0 7 .1
" a "  i n d i c a t e s  t h a t  t h e  r e s p e c t i v e  form o f  n i t r o g e n  was p r e s e n t  i n  amounts l e s s  t h a n  1 yg.
+The v a l u e  i s  u n c e r t a i n  b e c a u s e  o f  t h e  s u s p i c i o u s  v a r i a b i l i t y  (527 and 811 yg) be tw een  d u p l i c a t e  s a m p l e s .
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h i g h  l e v e l s  o f  n i t r a t e -  p l u s  n i t r i t e - n i t r o g e n  i n  t h e  s e d im e n t  i n d i c a t e  
t h a t  t h e  added  n i t r a t e  moved r a p i d l y  from t h e  w a t e r  column t o  t h e  s e d i ­
m en t .  Ammonium-nit rogen  i n  t h e  s e d im e n t  i n i t i a l l y  i n c r e a s e d  w i t h  
i n c r e a s e d  i n c u b a t i o n  t i m e  and t h e n  d e c r e a s e d  a f t e r  50 h o u r s .
The d i s t r i b u t i o n  o f  t h e  i n  t h e  s e d i m e n t  o f  t h e  s e d i m e n t - w a t e r  
columns a f t e r  a d d i t i o n  o f  1 , 5 0 0  yg l a b e l l e d  n i t r a t e - n i t r o g e n  t o  t h e  
o v e r l y i n g  w a t e r  i s  shown i n  T a b le  17.  The r e c o v e r y  o f  l a b e l l e d  n i t r o ­
gen a s  n i t r a t e -  p l u s  n i t r i t e - n i t r o g e n  c o n f i r m s  t h a t  n i t r a t e  added  to  
t h e  o v e r l y i n g  w a t e r  moved i n t o  t h e  s e d i m e n t .  I n s u f f i c i e n t  q u a n t i t i e s  
o f  n i t r a t e -  p l u s  n i t r i t e - n i t r o g e n  were  p r e s e n t  a f t e r  50 h o u r s  f o r  
a n a l y s i s .  L a b e l l e d  am m onium -n i t rogen  i n c r e a s e d  to  7.3% o f  t h e  added  
n i t r o g e n  a t  33 h o u r s  and t h e n  d e c r e a s e d .  R ecove ry  o f  t h e  added  
n i t r a t e  a s  o r g a n i c  n i t r o g e n  i n c r e a s e d  w i t h  eac h  s u c c e s s i v e  i n c u b a t i o n  
p e r i o d ;  15.8% o f  t h e  l a b e l l e d  n i t r o g e n  was p r e s e n t  a s  o r g a n i c  n i t r o g e n  
a f t e r  816 h o u r s  (34 d a y s ) .  T h i s  r e c o v e r y  o f  l a b e l l e d  o r g a n i c  n i t r o g e n  
a g r e e s  c l o s e l y  w i t h  t h e  14.7% o b s e r v e d  a f t e r  31 d ays  when t h e  n i t r a t e  
was added i n  i n c r e m e n t s  to  t h e  o v e r l y i n g  w a t e r  (T a b l e  1 5 ) .  Most o f  
t h e  added  n i t r a t e  was l o s t  from t h e  s e d i m e n t - w a t e r  s y s t e m s ,  p r e s u m a b ly  
by d e n i t r i f i c a t i o n .
N i t r a t e  added  t o  t h e  o v e r l y i n g  w a t e r  p r e s u m a b l y  d i f f u s e d  down­
ward i n t o  t h e  s e d i m e n t .  The r a p i d  i n c r e a s e  i n  n i t r a t e  p l u s  n i t r i t e  
l e v e l s  i n  t h e  s e d im e n t  (T a b l e  16) and t h e  a p p e a r a n c e  o f  l a b e l l e d  
n i t r a t e -  p l u s  n i t r i t e - n i t r o g e n  i n  t h e  s e d im e n t  ( T a b l e  17) a f t e r  
n i t r a t e  a d d i t i o n  i n d i c a t e  t h e  r a p i d  movement t o  t h e  s e d i m e n t .  The 
v e r y  s m a l l  d e p t h  o f  t h e  o v e r l y i n g  l a y e r  o f  f l o o d w a t e r  and t h e  fo rm a­
t i o n  o f  a  n i t r a t e  c o n c e n t r a t i o n  g r a d i e n t  upon a d d i t i o n  o f  n i t r a t e  to  
t h e  f l o o d w a t e r  p r o b a b l y  enhanced  n i t r a t e  movement t o  t h e  s e d i m e n t .
T a b l e  17 .  D i s t r i b u t i o n  o f  l a b e l l e d  n i t r o g e n  i n  t h e  s e d i m e n t  o f  
s e d i m e n t - w a t e r  co lumns  a f t e r  t h e  a d d i t i o n  o f  1 ,5 0 0  yg 
l ^ N - l a b e l l e d  n i t r a t e - n i t r o g e n  to  t h e  o v e r l y i n g  w a t e r .
I n c u b a t i o n  p e r i o d Recove ry o f  added  n i t r o g e n i n  s e d i m e n t
N0~+N0~-N* NHt-N4 O rg a n ic  N NH^+Organic N
h o u r s —7 or  a a a e a  i n
5 9 .2 0 . 8 i . i 1 . 9
10 1 5 . 1 3 . 1 1 .5 4 . 6
22 1 4 .9 6 . 8 4 . 3 1 1 .1
33 1 0 .4 7 . 3 6 . 1 1 3 .4
50 3 .5 6 . 2 7 .8 1 4 .0
72 a 4 . 1 9 .7 1 3 .8
144 a 1 . 8 1 2 .5 1 4 . 3
816 a 0 . 1 1 5 .8 1 5 .9
" a "  i n d i c a t e s  t h a t  t h e  r e s p e c t i v e  fo rm o f  n i t r o g e n  was n o t  
d e t e r m i n e d .
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A f t e r  e n t e r i n g  t h e  s e d i m e n t  t h e  n i t r a t e  p r o b a b l y  d i f f u s e d  t h r o u g h  t h e  
t h i n  s u r f a c e  o x i d i z e d  l a y e r  i n t o  a r e d u c e d  zone w he re  i t  was u n s t a b l e  
and r e a d i l y  d e n i t r i f i e d .  E n g l e r  and P a t r i c k  (1974)  r e p o r t e d  t h a t  t h e  
s e d im e n t  and n o t  t h e  o v e r l y i n g  f l o o d w a t e r  was t h e  s i t e  o f  n i t r a t e  
r e d u c t i o n  i n  w a t e r l o g g e d  s e d i m e n t s .
A d d i t i o n  o f  n i t r a t e  t o  t h e  o v e r l y i n g  w a t e r  s i m u l a t e d  n i t r a t e  
i n p u t  t o  t h e  s e d im e n t  s u r f a c e  from t h e  f l o o d w a t e r .  The i n i t i a l  c o n ­
c e n t r a t i o n  o f  added n i t r a t e - n i t r o g e n  i n  t h e  o v e r l y i n g  w a t e r ,  a p p r o x i ­
m a t e l y  16 p g / g ,  was s m a l l e r  t h a n  t h a t  employed by E n g l e r  and P a t r i c k  
(1974)  and van  K e s s e l  (1977)  i n  s t u d i e s  o f  n i t r a t e  rem ova l  from t h e  
o v e r l y i n g  w a t e r  o f  s e d i m e n t - w a t e r  s y s t e m s ;  y e t  i t  was much g r e a t e r  t h a n  
n i t r a t e  c o n c e n t r a t i o n s  n o r m a l l y  found in  e s t u a r i n e  w a t e r .  The a d d i t i o n  
o f  n i t r a t e  i n  i n c r e m e n t s  o v e r  an e x t e n d e d  p e r i o d  t o  t h e  o v e r l y i n g  f l o o d ­
w a t e r  was i n t e n d e d  t o  m a i n t a i n  n i t r a t e  c o n c e n t r a t i o n s  c l o s e r  t o  t h o s e  
v a l u e s  n o r m a l l y  found  i n  n a t u r e .
The v a r i a t i o n  i n  t o t a l  amount and c o n c e n t r a t i o n  o f  i n o r g a n i c  
n i t r o g e n  forms  i n  t h e  s e d i m e n t - w a t e r  columns a f t e r  n i t r a t e  a d d i t i o n  to  
t h e  s e d im e n t  i s  g i v e n  i n  T ab le  18.  The r a p i d  d e c r e a s e  i n  n i t r a t e -  p l u s  
n i t r i t e - n i t r o g e n  i n  t h e  s e d im e n t  r e f l e c t s  t h e  i n s t a b i l i t y  o f  n i t r a t e  
i n  t h e  a n a e r o b i c  s e d i m e n t .  The e l e v a t e d  l e v e l s  o f  n i t r a t e -  p l u s  
n i t r i t e - n i t r o g e n  i n  t h e  w a t e r  i n d i c a t e  t h a t  some o f  t h e  added  n i t r a t e  
e s c a p e d  from t h e  s e d im e n t  t o  t h e  o v e r l y i n g  w a t e r .  As i n  t h e  p r e v i o u s  
t r e a t m e n t s  (T a b l e  14 and 16) a s m a l l  q u a n t i t y  o f  n i t r a t e  re m a in e d  i n  
t h e  s e d im e n t  a t  t h e  c o n c l u s i o n  o f  t h e  i n c u b a t i o n .  Ammonium-nit rogen  
l e v e l s  e x h i b i t e d  t h e  same t e n d e n c y  o f  a r a p i d  i n c r e a s e  f o l l o w e d  by  a 
d e c r e a s e  w i t h  i n c u b a t i o n  t im e  t h a t  was o b s e r v e d  when n i t r a t e  was added  
t o  t h e  o v e r l y i n g  w a t e r  ( T a b l e  1 6 ) .
T a b le  18 .  E f f e c t  o f  t h e  a d d i t i o n  o f  1 ,5 0 0  yg n i t r a t e - n i t r o g e n  t o  t h e  s e d im e n t  o f  s e d i m e n t - w a t e r  columns 
upon t h e  t o t a l  amount and c o n c e n t r a t i o n  o f  i n o r g a n i c  n i t r o g e n  forms i n  t h e  o v e r l y i n g  w a t e r  
and t h e  s e d i m e n t .
I n c u b a t i o n  p e r i o d T o t a l  amount o f n i t r o g e n  forms C o n c e n t r a t i o n  o f  n i t r o g e n forms
Water Sedim ent Water Sediment
N0” +N0” -N*
+ * 
NH.-N4 N0"+N0"-N NHt-N 3 2 4 N0~+N0~-N* 1
4“ A
NH4-N no3+no2--N nhT - n4
h o u r s y g /  ml- y g / g -
5 80 5 .7 1139 267 0 . 9 7 0 .0 7 3 4 .5 8 . 1
10 158 6 .1 825 285 1 . 9 0 . 0 7 2 5 .1 8 . 7
22 217 7 . 6 490 422 2 .7 0 .1 0 15 .7 1 3 .5
33 198 1 . 7 301 460 2 .6 0 .0 2 9 . 1 1 4 .0
50 107 a 76 454 1 .4 a 2 . 3 1 3 .7
816 a a 40 304 a a 1 . 3 9 .5
'a"  i n d i c a t e s  t h a t  t h e  r e s p e c t i v e  form o f  n i t r o g e n  was p r e s e n t  i n  amounts l e s s  t h a n  1 yg .
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The q u a n t i t y  o f  l a b e l l e d  n i t r a t e  i n  t h e  s e d im e n t  d e c r e a s e d
15r a p i d l y ;  o n l y  2.2% o f  t h e  added  N was r e c o v e r e d  a s  n i t r a t e -  p l u s  
n i t r i t e - n i t r o g e n  i n  t h e  s e d i m e n t  a f t e r  50 h o u r s  (T a b l e  1 9 ) .  The con­
c e n t r a t i o n  o f  added  n i t r a t e - n i t r o g e n  i n  t h e  s e d im e n t  was i n t i a l l y  a b o u t  
45 y g / g ,  b u t  a f t e r  50 h o u r s  i t  had d e c r e a s e d  to  a p p r o x i m a t e l y  1 y g / g .  
E n g l e r  e t  a l . (1976)  found  s i m i l a r  r a p i d  r a t e s  o f  n i t r a t e  l o s s  from 
s t i r r e d  s u s p e n s i o n s  o f  m arsh  s e d i m e n t .
L a b e l l e d  am m on ium -n i t rogen  i n c r e a s e d  t o  13.9% o f  t h e  added n i t r o ­
gen a t  33 h o u r s  b u t  t h e n  d e c r e a s e d  t o  o n ly  0.2% a f t e r  816 h o u r s  (T a b le  
1 9 ) .  Recove ry  o f  t h e  added a s  am m onium -n i t rogen  i n  t h i s  t r e a t m e n t  
where  n i t r a t e  was added  t o  t h e  s e d im e n t  was a l m o s t  t w i c e  a s  g r e a t  a s  
when n i t r a t e  was added  to  t h e  o v e r l y i n g  w a t e r  (T a b l e  1 7 ) .  C o n v e r s io n  
o f  t h e  added l a b e l l e d  n i t r a t e  t o  o r g a n i c  n i t r o g e n  i n c r e a s e d  w i t h  each  
s u c c e s s i v e  i n c u b a t i o n  p e r i o d .  The r e c o v e r y  o f  l a b e l l e d  o r g a n i c  n i t r o ­
gen a t  816 h o u r s  (34 d a y s ) ,  16.3%, was s i m i l a r  t o  t h e  15.8% o b s e rv e d  
a co m p arab le  t im e  a f t e r  n i t r a t e  a d d i t i o n  t o  t h e  o v e r l y i n g  w a t e r  (T ab le  
17) b u t  s u b s t a n t i a l l y  l e s s  t h a n  t h e  26.3% o b s e r v e d  a f t e r  t h e  a d d i t i o n  
o f  n i t r a t e  i n  i n c r e m e n t s  t o  t h e  s e d im e n t  (T a b le  1 5 ) .
N i t r a t e  i n j e c t e d  t o  t h e  b o t t o m  o f  t h e  2 .4  cm l a y e r  o f  s e d im e n t  
was exposed  to  an a n a e r o b i c  e n v i ro n m e n t  i n  which  i t  was u n s t a b l e  and 
r a p i d l y  d e n i t r i f i e d .  The r e d o x  p o t e n t i a l  a t  t h e  b o t to m  o f  t h e  s e d im e n t  
l a y e r  measured  w i t h  a b r i g h t  p l a t i n u m  e l e c t r o d e  was a p p r o x i m a t e l y  
-1 0 0  mv.
A d d i t i o n  o f  n i t r a t e  t o  t h e  s e d im e n t  s i m u l a t e d  t h e  f a t e  o f  n i t r a t e  
d i f f u s i n g  down from t h e  o x i d i z e d  t o  t h e  r e d u c e d  s e d i m e n t  l a y e r  a f t e r  
f o r m a t i o n  by n i t r i f i c a t i o n .  The a d d i t i o n  o f  n i t r a t e  i n  i n c r e m e n t s  was 
i n t e n d e d  t o  m a i n t a i n  t h e  s e d im e n t  n i t r a t e  c o n c e n t r a t i o n  c l o s e r  to
T a b l e  19 .  D i s t r i b u t i o n  o f  l a b e l l e d  n i t r o g e n  i n  t h e  s e d i m e n t  o f  
s e d i m e n t - w a t e r  columns a f t e r  t h e  a d d i t i o n  o f  1 ,5 0 0  yg  
1 % - l a b e l l e d  n i t r a t e - n i t r o g e n  t o  t h e  s e d i m e n t .
I n c u b a t i o n  p e r i o d Recovery o f  added  n i t r o g e n i n  s e d i m e n t
N0”+N0“ -N* NHt-N4 O rg a n ic  N NH^+Organic N
h o u r s —  7  r \ - f/ o  on a a a e a  i n  -
5 72 .5 3 .1 2 . 2 5 . 3
10 5 1 . 0 6 . 2 3 .1 9 . 3
22 2 8 .7 1 1 .2 5 . 0 1 6 . 2
33 1 6 .1 1 3 . 9 6 .9 2 0 . 8
50 2 . 2 1 3 .5 1 0 .3 2 3 . 8
816 a 0 . 2 1 6 . 3 1 6 . 5
" a "  i n d i c a t e s  t h a t  t h e  r e s p e c t i v e  form o f  n i t r o g e n  was n o t  
d e t e r m i n e d .
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v a l u e s  n o r m a l l y  found  i n  n a t u r e .
The m a j o r i t y  o f  t h e  added  n i t r a t e  i n  a l l  t h e  t r e a t m e n t s  was d e n i ­
t r i f i e d .  From 1 5 . 2  to  27.9% o f  t h e  added  n i t r a t e - n i t r o g e n  re m a in e d  i n  
t h e  s e d i m e n t - w a t e r  s y s t e m s  a s  am m onium -n i t rogen  and o r g a n i c  n i t r o g e n .  
These  p e r c e n t a g e s  o f  n i t r a t e  l o s s  and c o n v e r s i o n  to  ammonium and 
o r g a n i c  n i t r o g e n  a g r e e  c l o s e l y  w i t h  t h e  f i n d i n g s  o f  I s i r i m a h  e t  a l .
(1976) f o r  f r e s h w a t e r  s e d i m e n t s .
F o r m a t i o n  o f  l a b e l l e d  ammonium and o r g a n i c  n i t r o g e n  c o u ld  have  
o c c u r r e d  by e i t h e r  (1)  m i c r o b i a l  a s s i m i l a t i o n  o f  n i t r a t e  w i t h  s u b s e q u e n t  
r a p i d  m i n e r a l i z a t i o n  t o  form l a b e l l e d  ammonium o r  (2)  d i s s i m i l a t o r y  
r e d u c t i o n  to  ammonium w hich  i s  t h e n  a s s i m i l a t e d  by m i c r o o r g a n i s m s .  In 
d i s s i m i l a t o r y  n i t r a t e  r e d u c t i o n  n i t r a t e  f u n c t i o n s  as  an a l t e r n a t e  
e l e c t r o n  a c c e p t e r  i n  t h e  a b s e n c e  o f  oxygen .  R e s e a r c h e r s  h ave  a t t r i b u ­
t e d  n i t r a t e  c o n v e r s i o n  t o  ammonium and o r g a n i c  n i t r o g e n  to  b o t h  n i t r a t e  
a s s i m i l a t i o n  (Chen e t  a l . 1972,  Keeney e t  a l . 1971) and d i s s i m i l a t o r y  
n i t r a t e  r e d u c t i o n  (Koike  and H a t t o r i  1978a ;  S o re n s e n  1978;  S t a n f o r d  
e t  a l .  1975a ,  1975b)  .
A f t e r  a d d i t i o n  o f  l a b e l l e d  n i t r a t e  t o  e i t h e r  t h e  o v e r l y i n g  w a t e r  
o r  t h e  s e d i m e n t  t h e  q u a n t i t y  o f  l a b e l l e d  o r g a n i c  n i t r o g e n  c o n t i n u a l l y  
i n c r e a s e d  w i t h  i n c r e a s e d  i n c u b a t i o n  t im e  and l a b e l l e d  ammonium 
i n i t i a l l y  i n c r e a s e d  r a p i d l y  b u t  t h e n  d e c r e a s e d  ( T a b l e s  17 and 1 9 ) .
These  t r e n d s  i n  l a b e l l e d  o r g a n i c  n i t r o g e n  and l a b e l l e d  ammonium forma­
t i o n  a r e  m a n i f e s t e d  by t h e  v a r i a t i o n s  i n  atom % c o n t e n t  o f  t h e  
o r g a n i c  n i t r o g e n  and  ammonium ( T a b l e  2 0 ) ,  I t  a p p e a r s  t h a t  a t  l e a s t  
some l a b e l l e d  ammonium f o r m a t i o n  may have  p r e c e d e d  p r o d u c t i o n  o f  
l a b e l l e d  o r g a n i c  n i t r o g e n ;  some o f  t h e  l a b e l l e d  ammonium which  d i s ­
a p p e a r e d  a f t e r  33 h o u r s  ( T a b l e s  17 and 19) p e r h a p s  was i n c o r p o r a t e d
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T a b le  20 .  Atom % N c o n t e n t  o f  e x t r a c t a b l e  ammonium and  s e d i m e n t  
o r g a n i c  n i t r o g e n  a f t e r  a d d i t i o n  o f  n i t r a t e - n i t r o g e n  
( 5 5 .3 2 9  a tom % ^ N )  t o  e i t h e r  t h e  o v e r l y i n g  w a t e r  o r  t h e  
s e d i m e n t  o f  s e d i m e n t - w a t e r  co lu m n s .




O rg a n ic  N + * NH4-N O rg a n i
*
c N
Rep 1 Rep 2 Rep 1 Rep 2
h o u r s , 15n -— ciLOTU /
5 5 .482 0 .3 6 0 0 .3 5 7 9 .4 7 1 0 .3 6 6 0 .3 6 1
10 8 .7 4 1 0 .3 6 1 0 .3 5 9 1 7 .5 3 6 0 .3 6 9 0 . 3 6 7
22 1 5 .342 0 .3 7 5 0 .3 7 2 2 1 .5 7 2 0 .3 7 6 0 . 3 7 8
33 1 7 .0 6 4 0 . 3 7 8 0 .3 8 5 2 4 .5 4 7 0 .3 8 5 0 . 3 8 7
50 1 4 .511 0 .3 8 7 0 . 3 9 6 2 4 .2 5 8 0 .4 0 4 0 .4 0 1
72 1 2 .927 0 .4 0 1 0 .3 9 7 — — —
144 9 .6 0 8 0 .4 1 6 0 .4 0 9 — — —
816 0 .7 8 4 0 .4 2 0 0 .4 3 5 0 . 8 4 0 0 .4 2 9 0 .4 3 5
* 15The a tom % N c o n t e n t  o f  ammonium and o r g a n i c  n i t r o g e n  n a t u r a l  
s t a n d a r d s  w ere  0 . 3 6 2  and 0 . 3 5 3 ,  r e s p e c t i v e l y .
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i n t o  o r g a n i c  m a t t e r .  S t a n f o r d  e t  a l . (1975b)  found  s i m i l a r  r e s u l t s  o f  
ammonium f o r m a t i o n  from l a b e l l e d  n i t r a t e  p r e c e d i n g  m i c r o b i a l  a s s i m i l a ­
t i o n  o f  l a b e l l e d  n i t r o g e n  i n  g lu c o s e - a m e n d e d ,  a n a e r o b i c  s o i l .  They 
c o n c l u d e d  t h a t  n i t r a t e  was c o n v e r t e d  t o  ammonium and o r g a n i c  n i t r o g e n  
by d i s s i m i l a t o r y  n i t r a t e  r e d u c t i o n .
R e c e n t  e v i d e n c e  (B uresh  and P a t r i c k  1978,  Koike  and H a t t o r i  1978a ,  
S o r e n s e n  1978) s u g g e s t i n g  t h e  p r e s e n c e  o f  n o n a s s i m i l a t o r y  n i t r a t e  
r e d u c t i o n  t o  ammonium i n  a n a e r o b i c a l l y  i n c u b a t e d  s o i l s  and s e d i m e n t s  
and t h e  s i m i l a r i t y  i n  t h e  c hange s  o f  l a b e l l e d  ammonium and l a b e l l e d  
o r g a n i c  n i t r o g e n  l e v e l s  i n  t h i s  s t u d y  t o  t h o s e  o b s e r v e d  by S t a n f o r d  
e t  a l .  (1975b)  s u g g e s t  t h a t  n i t r a t e  d i s s i m i l a t i o n  was t h e  pa thway o f  
n i t r a t e  c o n v e r s i o n  t o  ammonium and o r g a n i c  n i t r o g e n .  D i s s i m i l a t o r y  
n i t r a t e  r e d u c t i o n  t o  ammonium r e q u i r e s  an a n a e r o b i c  e n v i r o n m e n t ,  and 
t h e  b o t t o m  o f  t h e  2 . 4  cm l a y e r  o f  s e d i m e n t  was r e d u c e d  to  a p p r o x i m a t e l y  
- 1 0 0  mv a t  a b o u t  pH 7; b u t  i t  i s  n o t  known w i t h  c e r t a i n t y  i f  t h a t  i s  
a s u f f i c i e n t l y  r e d u c e d  e n v i ro n m e n t  f o r  n i t r a t e  r e d u c t i o n  t o  ammonium.
The p o s s i b i l i t y  o f  n i t r a t e  d i s s i m i l a t i o n  and a s s i m i l a t i o n  o p e r a t i n g  
s i m u l t a n e o u s l y  a l s o  c a n n o t  be  r u l e d  o u t .
N i t r a t e  r e c o v e r y  a s  ammonium and o r g a n i c  n i t r o g e n  816 h o u r s  
a f t e r  a d d i t i o n  o f  1 , 5 0 0  pg n i t r a t e - n i t r o g e n  to  t h e  o v e r l y i n g  w a t e r  
and t h e  s e d im e n t  was 1 5 .9  and 16.5% o f  t h e  added  n i t r o g e n ,  r e s p e c t i v e l y  
( T a b l e s  17 and 1 9 ) .  The r a p i d  movement o f  n i t r a t e  added  i n  t h e  f l o o d -  
w a t e r  to  t h e  s e d im e n t  and  t h e  s i m i l a r  movement o f  added  n i t r a t e  i n  t h e  
s e d i m e n t  t o  t h e  o v e r l y i n g  w a t e r  p r o b a b l y  m i n im i z e d  any t r e a t m e n t  
e f f e c t  be tw ee n  t h e  methods  o f  a d d i t i o n .
N i t r a t e  r e c o v e r y  a s  ammonium and o r g a n i c  n i t r o g e n  a f t e r  a d d i t i o n  
o f  1 , 5 0 0  pg n i t r a t e - n i t r o g e n  i n  10 i n c r e m e n t s  o v e r  a 2 7 -d a y  p e r i o d  to
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t h e  o v e r l y i n g  w a t e r  and  t h e  s e d im e n t  was 1 5 . 2  and 27.9%, r e s p e c t i v e l y  
( T a b l e  1 5 ) .  The en h a n c e d  r e c o v e r y  o f  n i t r a t e  a s  ammonium and o r g a n i c  
n i t r o g e n  when n i t r a t e  was added  to  t h e  s e d im e n t  r a t h e r  t h a n  t h e  o v e r -  
l y i n g  w a t e r  may be  a t t r i b u t e d  t o  e x p o s u r e  o f  t h e  n i t r a t e  i n  t h e  s e d i ­
ment t o  a more a n a e r o b i c  e n v i ro n m e n t  where  d i s s i m i l a t o r y  n i t r a t e  
r e d u c t i o n  t o  ammonium c o u l d  o c c u r .
The g r e a t e r  r e c o v e r y  o f  l a b e l l e d  ammonium and l a b e l l e d  o r g a n i c  
n i t r o g e n  when n i t r a t e  was added  i n  i n c r e m e n t s  i n s t e a d  o f  one a d d i t i o n  
t o  t h e  s e d i m e n t  ( T a b l e s  15 and 19) may be  due t o  l e s s  n i t r a t e  e s c a p e  
from t h e  s e d i m e n t  t o  t h e  o v e r l y i n g  w a t e r  when i t  was added i n  i n c r e ­
m e n t s ,  c o n s e q u e n t l y  a l a r g e r  p o r t i o n  o f  t h e  n i t r a t e  was t h e n  exposed  
t o  t h e  most  a n a e r o b i c  p a r t  o f  t h e  s e d im e n t  w here  i t  may h ave  undergone  
d i s s i m i l a t o r y  r e d u c t i o n  t o  ammonium. R e s e a r c h e r s  ( I s i r i m a h  e t  a l .
1976) have  o b s e r v e d  t h a t  t h e  r e c o v e r y  o f  n i t r a t e  a s  ammonium and 
o r g a n i c  n i t r o g e n  i n c r e a s e s  w i t h  d e p t h  i n  t h e  p r o f i l e  o f  f r e s h w a t e r  
s e d i m e n t s .
S i n c e  t h e  a d d i t i o n  o f  n i t r a t e  t o  an a n a e r o b i c  s o i l  i n c r e a s e s  t h e  
r e d o x  p o t e n t i a l  (Redman and P a t r i c k  1 9 6 5 ) ,  one  p o s s i b i l i t y  f o r  the  
g r e a t e r  r e c o v e r y  o f  l a b e l l e d  ammonium and  l a b e l l e d  o r g a n i c  n i t r o g e n  
when l a b e l l e d  n i t r a t e  was added  i n  i n c r e m e n t s  r a t h e r  t h a n  one a d d i t i o n  
was t h a t  t h e  s m a l l  n i t r a t e  a d d i t i o n s  d id  n o t  p o i s e  t h e  r e d o x  p o t e n t i a l  
a t  s u c h  h i g h  v a l u e s  a s  t h e  s i n g l e  l a r g e  n i t r a t e  a d d i t i o n .  Conse­
q u e n t l y ,  t h e  s e d i m e n t  would  h a v e  r e m a in e d  more r e d u c e d  and been  a more 
f a v o r a b l e  e n v i r o n m e n t  f o r  n i t r a t e  c o n v e r s i o n  to  ammonium and o r g a n i c  
n i t r o g e n  when n i t r a t e  was added  i n  i n c r e m e n t s  i n s t e a d  o f  one a d d i t i o n .  
U n f o r t u n a t e l y  t h e  c h a n g e s  i n  r e d o x  p o t e n t i a l  w ere  n o t  m o n i t o r e d ,  so  i t  
i s  u n c e r t a i n  i f  t h e  r e d o x  p o t e n t i a l  was d i f f e r e n t  i n  t h e  two t r e a t m e n t s .
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The sum o f  l a b e l l e d  ammonium and l a b e l l e d  o r g a n i c  n i t r o g e n  con­
t i n u a l l y  i n c r e a s e d  when n i t r a t e  was added  to  t h e  o v e r l y i n g  w a t e r  
(T a b l e  1 7 ) ,  b u t  when n i t r a t e  was added t o  t h e  s e d im e n t  i t  i n c r e a s e d  to  
23.8% a t  50 h o u r s  and th e n  d e c r e a s e d  t o  16.5% a t  816 h o u r s  (T a b l e  1 9 ) .  
Some l a b e l l e d  ammonium o r  e l s e  b o t h  l a b e l l e d  ammonium and l a b e l l e d  
o r g a n i c  n i t r o g e n  p r e s e n t  a t  50 h o u r s  was a p p a r e n t l y  l o s t  a s  g a s eo u s  
n i t r o g e n .  A p o s s i b l e  mechanism o f  l a b e l l e d  n i t r o g e n  l o s s  i s  d i f f u s i o n  
o f  l a b e l l e d  ammonium to  t h e  a e r o b i c  s e d im e n t  l a y e r  w here  i t  was o x i d i z e d  
to  n i t r a t e  by n i t r i f i c a t i o n  and t h e n  s u b s e q u e n t  d i f f u s i o n  o f  t h e  
n i t r a t e  t o  an a n a e r o b i c  s e d im e n t  zone where  i t  was d e n i t r i f i e d .  T h i s  
a p p e a r s  l i k e l y  s i n c e  t h e  i n c u b a t i o n  t im e  was l o n g  and t h e  d i s t a n c e  
r e q u i r e d  f o r  d i f f u s i o n  was s m a l l  b e c a u s e  o f  t h e  t h i n  s e d im e n t  l a y e r .  
V o l a t i l i z a t i o n  o f  l a b e l l e d  ammonium i s  a n o t h e r  p o s s i b l e  mechanism o f  
l o s s ,  b u t  t h i s  seems u n l i k e l y  s i n c e  t h e  s e d im e n t  pH was be low  7 .5  
and t h e  pH o f  t h e  o v e r l y i n g  w a t e r  was be low  8.
A l th o u g h  r e c e n t  l a b o r a t o r y  s t u d i e s  by Koike and H a t t o r i  (1978a)  
and S o r e n s e n  (1978)  have  shown as  much as  50% o r  more o f  t h e  n i t r a t e  
i n  s e d i m e n t s  can  be c o n v e r t e d  t o  ammonium and o r g a n i c  n i t r o g e n ,  t h e  
p r a c t i c a l  s i g n i f i c a n c e  o f  t h i s  r e a c t i o n  i n  n a t u r e  may be  l i m i t e d .  
R e s e a rc h  by B uresh  and P a t r i c k  (1978) i n d i c a t e s  t h a t  s i g n i f i c a n t  c o n ­
v e r s i o n  o f  n i t r a t e  t o  ammonium and o r g a n i c  n i t r o g e n  i n  unamended s o i l s  
r e q u i r e s  i n t e n s e l y  r e d u c e d  c o n d i t i o n s .  Koike and  H a t t o r i  (1978a)  and 
S o r e n s e n  (1978) worked  o n ly  w i t h  s e d i m e n t s  i n c u b a t e d  a n a e r o b i c a l l y  
u n d e r  an i n e r t  gas  a t m o s p h e r e .  Even th ough  s u f f i c i e n t l y  r e d u c e d  
a n a e r o b i c  s e d im e n t  zo n es  where  a f r a c t i o n  o f  t h e  n i t r a t e  can  be  r e d u c e d  
to  ammonium do e x i s t ,  i t  i s  u n c e r t a i n  i f  much n i t r a t e  i s  e v e r  p r e s e n t  
i n  t h e s e  z o n e s .  N i t r a t e  i s  n o t  formed i n  a n a e r o b i c  s e d i m e n t ;  r a t h e r
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n i t r a t e  i n  t h e  o v e r l y i n g  a e r o b i c  s e d im e n t  l a y e r  mus t  d i f f u s e  down 
i n t o  t h e  a n a e r o b i c  s e d i m e n t .  When d i f f u s i o n  down i n t o  t h e  a n a e r o b i c  
s e d i m e n t  t h e  n i t r a t e  f i r s t  comes i n  c o n t a c t  w i t h  a zone o f  i n t e r ­
m e d i a t e  r e d u c t i o n  w he re  c o n v e r s i o n  to  n i t r o g e n o u s  g a s e s  i n s t e a d  o f  
ammonium and o r g a n i c  n i t r o g e n  i s  p r o b a b l y  f a v o r e d .
The n i t r a t e  w h ich  i s  r e d u c e d  i n  a s e d i m e n t - w a t e r  s y s t e m  i s  
i n i t i a l l y  e i t h e r  c o n t a i n e d  i n  t h e  w a t e r  t h a t  f low s  i n t o  t h e  w a t e r  column 
o r  e l s e  formed i n  e i t h e r  t h e  a e r o b i c  w a t e r  column o r  t h e  a e r o b i c  
s e d im e n t  s u r f a c e ;  t h u s  t h e  t r e a t m e n t  i n  which  n i t r a t e  was added  t o  t h e  
o v e r l y i n g  w a t e r  o f  t h e  s e d i m e n t - w a t e r  s y s t e m s  p r o b a b l y  r e p r e s e n t e d  t h e  
f a t e  o f  n i t r a t e  i n  n a t u r e  more a c c u r a t e l y  t h a n  t h e  t r e a t m e n t s  w here  
n i t r a t e  was added  t o  t h e  s e d i m e n t .  The r e s u l t s  i n d i c a t e  t h a t  p r o b a b l y  
a bou t  15 to  20% o f  t h e  n i t r a t e  r e d u c e d  i n  t h i s  e s t u a r i n e  s e d i m e n t  i s  
c o n v e r t e d  t o  ammonium and o r g a n i c  n i t r o g e n .
E . F a t e  o f  Ammonium-Nitrogen i n  S e d im e n t -W a te r  Columns
The t o t a l  amount and c o n c e n t r a t i o n  o f  n i t r a t e -  p l u s  n i t r i t e -  
n i t r o g e n  and am m onium -n i t rogen  i n  t h e  s e d im e n t  o f  t h e  s e d i m e n t - w a t e r  
columns  b e f o r e  and a f t e r  t h e  a d d i t i o n  o f  1 ,5 0 0  yg a m m onium -n i t rogen  i n  
10 i n c r e m e n t s  o v e r  a 27 -day  p e r i o d  a r e  shown i n  T a b l e  21 .  A p p r o x i ­
m a t e l y  1 y g / g  n i t r a t e -  p l u s  n i t r i t e - n i t r o g e n  was p r e s e n t  i n  t h e  
s e d i m e n t  b e f o r e  and a f t e r  ammonium a d d i t i o n .  Ammonium l e v e l s  were  
h i g h e r  a t  t h e  t e r m i n a t i o n  o f  t h e  i n c u b a t i o n  t h a n  b e f o r e  t h e  a d d i t i o n  
o f  ammonium.
15The r e c o v e r y  o f  N AO days  a f t e r  t h e  f i r s t  ammonium a d d i t i o n  
i n d i c a t e d  t h e  f a t e  o f  t h e  added  ^ N - l a b e l l e d  ammonium. T a b l e  22 shows 
t h a t  l e s s  t h a n  1% o f  t h e  added  ammonium r e m a in e d  i n  t h e  ammonium form
T ab le  21 .  The t o t a l  amount and c o n c e n t r a t i o n  o f  i n o r g a n i c  n i t r o g e n  forms p r e s e n t  i n  t h e  s e d im e n t  o f  
s e d i m e n t - w a t e r  columns b e f o r e  and a f t e r  t h e  a d d i t i o n  o f  1 ,5 0 0  yg am monium -ni t rogen  i n  10 
i n c r e m e n t s  o v e r  a 27 -day  p e r i o d  to  e i t h e r  t h e  o v e r l y i n g  w a t e r  o r  t h e  s e d i m e n t .
Time o f  s a m p l in g T o t a l  amount o f  n i t r o g e n  forms C o n c e n t r a t i o n  o f  n i t r o g e n  forms
N0"+N0” -N NH^-N 3 2 4 no3+no2- n NH*-N
yg-------------------------   yg/g '
B e f o r e  a d d i t i o n 32 107 1 .0 3 .4
*
A f t e r  a d d i t i o n  t o  w a t e r 33 246 1 .0 7 .2
A f t e r  a d d i t i o n  t o  s e d im e n t 23 253 0 . 7 7 .9
The v a l u e s  w ere  d e t e r m i n e d  40 days  a f t e r  t h e  f i r s t  ammonium a d d i t i o n  and 13 days  a f t e r  t h e  l a s t  
a d d i t i o n .
T ab le  22.  D i s t r i b u t i o n  o f  l a b e l l e d  n i t r o g e n  i n  t h e  s e d im e n t  o f  s e d i m e n t - w a t e r  columns a f t e r  a d d i t i o n  
o f  1 ,5 0 0  yg - ^ N - l a b e l l e d  am m onium -n i t rogen  i n  10 i n c r e m e n t s  o v e r  a 27 -day  p e r i o d  to  e i t h e r  
t h e  o v e r l y i n g  w a t e r  o r  t h e  s e d i m e n t .
T re a tm e n t Recovery o f  added  n i t r o g e n  i n  s e d im e n t U naccounted  
f o r  N
NHt-N4 O rg a n ic  N NH^+Organic N
a/  n f  o rl rl o  rl Tfl/o O r  aQQLQ IN
*
A d d i t i o n  to  w a t e r 0 . 4 37 .6 38 .0 62 .0
A d d i t i o n  t o  s e d im e n t 0 . 5 4 1 . 6 4 2 . 1 57 .9
The v a l u e s  w e re  d e t e r m i n e d  40 days  a f t e r  t h e  f i r s t  ammonium a d d i t i o n  and 13 days  a f t e r  t h e  l a s t  
a d d i t i o n .
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a t  t h e  t e r m i n a t i o n  o f  t h e  i n c u b a t i o n ;  3 7 .6  and 41.6% o f  t h e  added
am m onium -n i t rogen  was r e c o v e r e d  a s  o r g a n i c  n i t r o g e n  when t h e  ammonium
x-jas added  to  t h e  o v e r l y i n g  w a t e r  and s e d i m e n t ,  r e s p e c t i v e l y .  A p p r o x i -
15m a t e l y  60% o f  t h e  added  N was n o t  a c c o u n t e d  f o r  a t  t h e  end o f  t h e  
i n c u b a t i o n .
The r e c o v e r y  o f  t h e  l a b e l l e d  n i t r o g e n  i n  t h e  two t r e a t m e n t s  was 
v e r y  s i m i l a r .  The v e r y  s m a l l  d e p t h  o f  t h e  s e d im e n t  and t h e  o v e r l y i n g  
w a t e r  may h a v e  m in im iz e d  any t r e a t m e n t  e f f e c t  be tw ee n  t h e  two methods  
o f  a d d i t i o n .  Some ammonium added  t o  t h e  s e d im e n t  p r o b a b l y  moved 
r a p i d l y  t o  t h e  f l o o d w a t e r  and s i m i l a r l y  some ammonium added  t o  t h e  
o v e r l y i n g  w a t e r  moved i n t o  t h e  s e d i m e n t .
Some o f  t h e  u n a c c o u n t e d - f o r  n i t r o g e n  c o u l d  have  been  p r e s e n t  i n  
( 1 ) t h e  s e d im e n t  a s  n i t r a t e  which  was a t  an i n s u f f i c i e n t  l e v e l  f o r  
a n a l y s i s ,  ( 2) t h e  o v e r l y i n g  f l o o d w a t e r  a s  i n o r g a n i c  n i t r o g e n  
s p e c i e s  w h ich  w ere  a t  i n s u f f i c i e n t  l e v e l s  f o r  d e t e r m i n a t i o n ,  (3)  
t h e  o v e r l y i n g  w a t e r  and t h e  s e d im e n t  e x t r a c t s  a s  s o l u b l e  o r g a n i c  
n i t r o g e n  which  was n o t  d e t e r m i n e d ,  and (4)  t h e  o v e r l y i n g  w a t e r  a s  
p a r t i c u l a t e  n i t r o g e n  w hich  was removed by f i l t r a t i o n  and n o t  m e a s u r e d .  
The t o t a l  q u a n t i t y  o f  n i t r a t e  rn t h e  s e d i m e n t  (T a b l e  21) was o n ly  
a b o u t  2% o f  t h e  1 , 5 0 0  yg added  n i t r o g e n .  As i n  t h e  p r e v i o u s  e x p e r i m e n t  
i n  w hich  n i t r a t e  was added  t o  s e d i m e n t - w a t e r  co lum ns ,  t h e  f r a c t i o n  o f  
t h e  u n a c c o u n t e d - f o r  l a b e l l e d  n i t r o g e n  r e m a i n i n g  i n  t h e  s e d i m e n t - w a t e r  
s y s t e m  was s m a l l  and  p e r h a p s  n o t  more t h a n  5% o f  t h e  t o t a l  added  
n i t r o g e n .
V o l a t i l i z a t i o n  l o s s  o f  l a b e l l e d  ammonium was p r e s u m a b ly  v e r y  
s m a l l  o r  n e g l i g i b l e .  Most o f  t h e  u n a c c o u n t e d - f o r  n i t r o g e n  was a p p a r ­
e n t l y  l o s t  by n i t r i f i c a t i o n - d e n i t r i f i c a t i o n  r e a c t i o n s ,  whereby
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l a b e l l e d  ammonium was o x i d i z e d  t o  n i t r a t e  by n i t r i f i c a t i o n  i n  t h e  
a e r o b i c  zone  o f  t h e  s e d i m e n t - w a t e r  s y s t e m s ,  and  t h e n  t h e  n i t r a t e  
d i f f u s e d  i n t o  t h e  a n a e r o b i c  s e d i m e n t  l a y e r  w he re  i t  was c o n v e r t e d  to  
g a s e o u s  n i t r o g e n  by d e n i t r i f i c a t i o n .  O t h e r  r e s e a r c h e r s  (Reddy and 
P a t r i c k  1977,  Tusneem and P a t r i c k  1971) h a v e  shown s i m i l a r  r a p i d  
l o s s e s  o f  added  ^ ^ N - l a b e l l e d  a m m on ium -n i t rogen  i n  s o i l - w a t e r  s y s t e m s .
Redox p o t e n t i a l s  i n  t h e  o v e r l y i n g  f l o o d w a t e r ,  a t  a d e p t h  o f  8 mm 
i n  th e  s e d im e n t  p r o f i l e ' ,  and a t  t h e  b o t t o m  o f  t h e  s e d i m e n t  l a y e r  were  
+460 ,  +310 ,  and +80 ,  r e s p e c t i v e l y ,  a t  t h e  c o n c l u s i o n  o f  t h e  i n c u b a t i o n .  
Redox p o t e n t i a l s  w ere  n o t  d e t e r m i n e d  a t  t h e  s t a r t  o f  t h e  e x p e r i m e n t ,  
b u t  t h e  s e d im e n t  p r o b a b l y  became more  o x i d i z e d  d u r i n g  t h e  c o u r s e  o f  
t h e  i n c u b a t i o n .  Reddy and P a t r i c k  (1977)  s t a t e d  t h a t  t h e  a d d i t i o n  o f  
ammonium t o  a s o i l  can  i n c r e a s e  t h e  t h i c k n e s s  o f  t h e  a e r o b i c  l a y e r .
The s e d i m e n t - w a t e r  columns were  u n d o u b t e d l y  s u f f i c i e n t l y  o x i d i z e d  f o r  
t h e  o c c u r r e n c e  o f  n i t r i f i c a t i o n .
S in c e  t h e  d e p t h  o f  t h e  s e d i m e n t  l a y e r  i n  t h e  s e d i m e n t - w a t e r  
columns was o n ly  2 .4  cm, l a b e l l e d  ammonium added  t o  t h e  b o t t o m  o f  t h e  
s e d im e n t  l a y e r  had a v e ry  s h o r t  d i s t a n c e  t o  d i f f u s e  t o  t h e  s u r f a c e  
a e r o b i c  l a y e r .  Ammonium added  t o  t h e  2-cm w a t e r  column p r o b a b l y  moved 
r a p i d l y  i n t o  t h e  s e d i m e n t .  The r e s u l t s  i n d i c a t e  t h a t  t h e  s e d i m e n t -  
w a t e r  i n t e r f a c e  can  be  a zone f o r  a p p r e c i a b l e  l o s s  o f  ammonium- 
n i t r o g e n  e i t h e r  e n t e r i n g  t h e  s e d i m e n t  f rom t h e  o v e r l y i n g  w a t e r  column 
o r  e l s e  p r e s e n t  i n  t h e  u p p e r  few c e n t i m e t e r s  o f  s e d i m e n t .
The l o s s  o f  a b o u t  60% o f  t h e  added  a m m o n iu m -n i t ro g e n  i n  t h e s e  
s e d i m e n t - w a t e r  columns  o v e r  a 4 0 - d a y  p e r i o d  i s  g r e a t e r  t h a n  t h e  l o s s  
o f  a p p r o x i m a t e l y  35% o f  t h e  am m o n iu m -n i t ro g en  i n  c o n s t a n t l y  f l o o d e d  
s o i l  c o r e s  o v e r  a 1 4 5 -d ay  p e r i o d  ( T a b l e  1 2 ) .  The a m m on ium -n i t rogen
was added  i n  i n c r e m e n t s  i n  b o t h  e x p e r i m e n t s ;  t h e  s e d i m e n t - w a t e r  
columns r e c e i v e d  a t o t a l  o f  a p p r o x i m a t e l y  45 yg n i t r o g e n / g  s e d i m e n t ,  
and  t h e  f l o o d e d  s o i l  c o r e s  r e c e i v e d  a b o u t  100 yg n i t r o g e n / g  s o i l .  The 
am m onium -n i t rogen  l o s s  from t h e  s e d i m e n t - w a t e r  co lumns  was p re s u m a b ly  
by n i t r i f i c a t i o n - d e n i t r i f i c a t i o n ,  b u t  ammonium may h ave  b een  l o s t  from 
t h e  f l o o d e d  s o i l  c o r e s  by  ammonia v o l a t i l i z a t i o n  a s  w e l l  as  
n i t r i f i c a t i o n - d e n i t r i f i c a t i o n .
The d i f f e r e n c e  i n  ammonium l o s s  be tw ee n  t h e s e  two e x p e r i m e n t s  
may be a r e s u l t  o f  t h e  d i f f e r e n c e s  i n  t h e  d e p t h  o f  t h e  s o i l .  The s o i l  
c o r e s  w ere  20 cm d eep  and t h e  added  ammonium was e v e n l y  d i s t r i b u t e d  
t h r o u g h o u t  t h e  s o i l ,  c o n s e q u e n t l y  mos t  o f  t h e  added  ammonium was a 
much g r e a t e r  d i s t a n c e  f rom t h e  s u r f a c e  o x i d i z e d  l a y e r  i n  t h e s e  c o r e s  
t h a n  i n  t h e  s e d i m e n t - w a t e r  co lumns  i n  w h ich  t h e  s e d i m e n t  l a y e r  was 
o n ly  2 . 4  cm t h i c k .  The v i s i b l e ,  b r o w n i s h - c o l o r e d ,  o x i d i z e d  l a y e r  was 
a l s o  t h i n n e r  i n  t h e  s o i l  c o r e s  th a n  i n  t h e  s e d i m e n t - w a t e r  co lum ns .
SUMMARY AND CONCLUSIONS
L o u i s i a n a  s a l t  m a rs h e s  a r e  c h a r a c t e r i z e d  by s l i g h t l y  e l e v a t e d  
n a t u r a l  l e v e e s  a d j a c e n t  t o  s t r e a m s  and w a t e r  b o d i e s  w h ich  s u p p o r t  
t a l l e r  and more p r o d u c t i v e  s t a n d s  o f  Ŝ . a l t e r n i f l o r a  t h a n  a r e a s  f u r t h e r  
i n l a n d  from t h e  s t r e a m s  and w a t e r  b o d i e s .  The m easu rem en t  o f  s e l e c t e d  
s o i l  and p l a n t  p r o p e r t i e s  a l o n g  a t r a n s e c t  i n l a n d  from a n a t u r a l  
s t r e a m  was i n t e n d e d  t o  p r o v i d e  i n f o r m a t i o n  on t h e  d i f f e r e n c e s  be tween  
t h e  s o - c a l l e d  s t r e a m s i d e  and i n l a n d  r e g i o n s .
S o i l  d e n s i t y  d e c r e a s e d  w i t h  d i s t a n c e  i n l a n d  from t h e  s t r e a m .
The h i g h e r  s o i l  d e n s i t y  o f  t h e  s t r e a m s i d e  a r e a  r e f l e c t e d  t h e  g r e a t e r
i n p u t  o f  i n o r g a n i c  s e d i m e n t s  t o  t h e  n a t u r a l  l e v e e  a d j a c e n t  t o  th e
s t r e a m  th a n  to  t h e  r e g i o n  f u r t h e r  i n l a n d .  The d e n s i t y  o f  t h e s e  marsh
s o i l s  was v e r y  low compared  t o  u p l a n d  m i n e r a l  s o i l s .  S o i l  o r g a n i c
c a rb o n  and t o t a l  n i t r o g e n  c o n t e n t  i n c r e a s e d  w i t h  d i s t a n c e  from th e
s t r e a m  and d e n o t e d  t h e  h i g h e r  o r g a n i c  m a t t e r  c o n t e n t  o f  t h e  i n l a n d
t h a n  th e  s t r e a m s i d e  a r e a .  E x t r a c t a b l e  ammonium m e a su re d  i n  June  was
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low,  l e s s  th a n  6 y g / g  and 2 yg/cm , i n  s o i l  c o n t a i n i n g  s t a n d s  o f  Ŝ . 
a l t e r n i f l o r a  b u t  s u b s t a n t i a l l y  g r e a t e r  i n  s o i l  w i t h o u t  p l a n t s .  T o t a l  
n i t r o g e n  c o n t e n t  o f  j3. a l t e r n i f l o r a  i n  J u n e  and S ep te m ber  t e n d e d  to  
be  l e s s  a t  t h e  i n l a n d  s a m p l i n g  s i t e s  t h a n  t h o s e  c l o s e s t  t o  t h e  s t r e a m .
An e x p e r i m e n t  was t h e n  c o n d u c t e d  i n  t h e  i n l a n d  r e g i o n  o f  t h e  
m arsh  s t u d y  a r e a  to  examine  n i t r o g e n  u t i l i z a t i o n  by Ŝ . a l t e r n i f l o r a . 
N i t r o g e n  h a s  b e e n  shown t o  l i m i t  _S. a l t e r n i f l o r a  p r o d u c t i o n  i n  t h e
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s t r e a m s i d e  m arsh  ( P a t r i c k  and DeLaune 1976) ; b u t  s i n c e  t h e  i n l a n d  and 
s t r e a m s i d e  a r e a s  d i f f e r  i n  l e v e l s  o f  t o t a l  s o i l  n i t r o g e n ,  s o i l  o r g a n i c  
m a t t e r ,  and t o t a l  n i t r o g e n  i n  _S. a l t e r n i f l o r a  s h o o t s ,  t h i s  e x p e r i m e n t  
was i n t e n d e d  to  d e t e r m i n e  i f  t h e  p l a n t  r e s p o n s e  t o  added  n i t r o g e n  
d i f f e r e d  b e tw e e n  t h e  i n l a n d  and s t r e a m s i d e  m a r s h e s .
Ammonium-nit rogen  and p h o s p h a t e - p h o s p h o r u s  w ere  added  i n  May a t  
t h e  r a t e  o f  200 k g / h a  t o  t h e  s o i l  o f  r e p l i c a t e d  marsh p l o t s .  The 
n i t r o g e n  was added  a s  ammonium s u l f a t e  s i n c e  n e a r l y  a l l  t h e  i n o r g a n i c  
n i t r o g e n  i n  t h e s e  m arsh  s o i l s  i s  p r e s e n t  i n  t h e  ammonium form .  T o t a l  
a b o v e g ro u n d  b io m a s s  and  h e i g h t  o f  Ŝ . a l t e r n i f l o r a  were  s i g n i f i c a n t l y  
enhanced  w i t h  amended n i t r o g e n  b u t  n o t  w i t h  p h o s p h o r u s .  Belowground
p l a n t  b io m as s  was s l i g h t l y  i n c r e a s e d  by t h e  a p p l i c a t i o n  o f  n i t r o g e n ,
b u t  t h e  be low ground  t o  aboveg round  b io m as s  r a t i o s  were  s i g n i f i c a n t l y  
l o w e r  i n  t h e  n i t r o g e n - t r e a t e d  p l o t s  t h a n  t h e  c o n t r o l  p l o t s  4 months 
a f t e r  n i t r o g e n  a d d i t i o n .  The a p p l i c a t i o n  o f  n i t r o g e n  s i g n i f i c a n t l y  
i n c r e a s e d  t h e  n i t r o g e n  c o n t e n t  o f  t h e  p l a n t  s h o o t s .  The r e s u l t s  i n d i ­
c a t e d  t h a t  n i t r o g e n  i s  a n u t r i e n t  l i m i t i n g  S_. a l t e r n i f l o r a  g row th  in  
t h e  i n l a n d  marsh  r e g i o n s .
The u s e  o f  ^ N - d e p l e t e d  n i t r o g e n  made i t  p o s s i b l e  t o  d i f f e r e n ­
t i a t e  b e tw e e n  s o i l - d e r i v e d  and f e r t i l i z e r - d e r i v e d  n i t r o g e n  i n  p l a n t
s h o o t s  and r o o t s .  About 50% o f  t h e  n i t r o g e n  i n  t h e  a b oveg round  p o r ­
t i o n  o f  Ŝ . a l t e r n i f l o r a  from 1 to  4 months  a f t e r  t h e  n i t r o g e n  
a d d i t i o n  was d e r i v e d  from t h e  added  am m onium -n i t rogen .  Nine  p e r c e n t  
o f  t h e  t o t a l  n i t r o g e n  a s s o c i a t e d  w i t h  t h e  b e low ground  p l a n t  b io m a s s  
was d e r i v e d  f rom t h e  added  n i t r o g e n  4 months  a f t e r  a d d i t i o n .
S l i g h t l y  o v e r  50% o f  t h e  added  n i t r o g e n  was r e c o v e r e d  i n  t h e  
p l a n t  s h o o t s  and r o o t s  a f t e r  4 m o n th s ,  and some o f  t h e  added  n i t r o g e n
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was p r e s e n t  i n  new p l a n t  s h o o t s  t h e  f o l l o w i n g  s p r i n g .  The u n a c c o u n t e d -  
f o r  n i t r o g e n  was e i t h e r  l o s t  from t h e  marsh  by n i t r i f i c a t i o n -  
d e n i t r i f i c a t i o n ,  ammonia v o l a t i l i z a t i o n ,  and rem ova l  by t h e  t i d a l  w a t e r  
o r  p r e s e n t  i n  t h e  s o i l  and u nsam pled  p o r t i o n  o f  t h e  b e lo w g ro u n d  b io m a s s .  
The r e s u l t s  o f  t h i s  e x p e r i m e n t  showed t h a t  Ŝ . a l t e r n i f l o r a  h a s  a h i g h  
c a p a c i t y  t o  a s s i m i l a t e  ammonium.
Added n i t r o g e n  r e s u l t e d  i n  a 28% i n c r e a s e  i n  t o t a l  a b oveg round  
b io m a s s  o v e r  th e  c o n t r o l  a t  t h i s  i n l a n d  l o c a t i o n .  P a t r i c k  and DeLaune 
( 1 9 7 6 ) ,  by c o m p a r i s o n ,  r e p o r t e d  a 15% i n c r e a s e  i n  b io m a s s  w i t h  a 
s i m i l a r  a p p l i c a t i o n  o f  n i t r o g e n  a t  a s t r e a m s i d e  l o c a t i o n .  However,  t h e  
g r e a t e r  p l a n t  r e s p o n s e  a t  t h e  i n l a n d  l o c a t i o n  was o f f s e t  by t h e  s m a l l e r  
a boveg round  p l a n t  b io m a s s  i n  t h e  i n l a n d  a r e a  so t h a t  t h e  t o t a l  amount 
o f  t h e  added  n i t r o g e n  r e c o v e r e d  i n  t h e  ab o v e g ro u n d  p l a n t  p o r t i o n  a t  
t h i s  i n l a n d  s i t e  and t h e  s t r e a m s i d e  s i t e  o f  P a t r i c k  and DeLaune (1976) 
were  e s s e n t i a l l y  i d e n t i c a l .
N i t r o g e n  l o s s  and u p ta k e  by S_. a l t e r n i f l o r a  i n  s o i l  c o r e s  con ­
t a i n i n g  v i g o r o u s  s t a n d s  o f  S_. a l t e r n i f l o r a  was n e x t  i n v e s t i g a t e d  i n  
t h e  g r e e n h o u s e .  L a b e l l e d  a m m on ium -n i t rogen  e q u i v a l e n t  t o  a b o u t  100 yg 
n i t r o g e n / g  s o i l  was added t h r o u g h o u t  t h e  s o i l  c o r e s  i n  10 i n c r e m e n t s  
e a c h  s p a c e d  2 weeks a p a r t .  The p o r t i o n  o f  t h e  added  n i t r o g e n  n o t  
r e c o v e r e d  i n  t h e  p l a n t s  and s o i l  21 weeks  a f t e r  t h e  f i r s t  ammonium 
a d d i t i o n  was assumed t o  be l o s t  a s  g a s e o u s  n i t r o g e n .
L ess  t h a n  10% o f  t h e  added  n i t r o g e n  was l o s t  from t h e  s o i l - S .  
a l t e r n i f l o r a - w a t e r  s y s t e m s  o v e r  t h e  21-week p e r i o d .  Loss  o f  added 
n i t r o g e n  d id  n o t  d i f f e r  be tw ee n  s o i l  c o r e s  c o n s t a n t l y  f l o o d e d  w i t h  a 
4-c.m l a y e r  o f  w a t e r  and s o i l  c o r e s  a l t e r n a t e l y  f l o o d e d  and d r i e d .  
N i t r i f i c a t i o n - d e n i t r i f i c a t i o n  r e a c t i o n s  w ere  p r e s u m a b l y  t h e  mechanism
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o f  a m m on ium -n i t rogen  l o s s .  The h i g h  r e c o v e r y  o f  t h e  added  ammonium 
d e n o t e d  t h e  g r e a t  c a p a c i t y  o f  S_. a l t e r n i f l o r a  t o  a s s i m i l a t e  i n o r g a n i c  
s o i l  n i t r o g e n .  Ammonium-nit rogen i n  t h e  s o i l  was a p p a r e n t l y  a s s i m i ­
l a t e d  by S_. a l t e r n i f l o r a  b e f o r e . i t  c o u l d  u ndergo  n i t r i f i c a t i o n -  
d e n i t r i f i c a t i o n  r e a c t i o n s  and be  l o s t  a s  g a s .
Ammonium-nit rogen  l o s s  was a l s o  d e t e r m i n e d  i n  c o n s t a n t l y  f l o o d e d  
s o i l  c o r e s  i d e n t i c a l  to  t h o s e  i n  t h e  p r e v i o u s  e x p e r i m e n t  b u t  w i t h o u t  
J3. a l t e r n i f l o r a . A p p r o x im a t e ly  35% o f  t h e  added  am m onium -n i t rogen  was 
l o s t  from t h e  s o i l  c o r e s .  The pH o f  t h e  f l o o d w a t e r  o v e r l y i n g  t h e  s o i l  
c o r e s  was b e tw ee n  8 . 7  and 9 . 0  a t  t h e  t e r m i n a t i o n  o f  t h e  e x p e r i m e n t  
a p p a r e n t l y  a s  a r e s u l t  o f  a l g a l  g rowth  i n  t h e  w a t e r .  T h e r e f o r e ,  
ammonia v o l a t i l i z a t i o n  a s  w e l l  a s  n i t r i f i c a t i o n - d e n i t r i f i c a t i o n  were  
p o s s i b l e  mechanisms  o f  am m on ium -n i t rogen  l o s s .  The r e s u l t s  s u g g e s t  
t h a t  l o s s  o f  am m onium -n i t rogen  may be  g r e a t e r  i n  s o i l  w i t h o u t  a s t a n d  
o f  a l t e r n i f l o r a  t h a n  i n  s o i l  c o n t a i n i n g  a s t a n d  o f  S_. a l t e r n i f l o r a .
Measurement o f  pH i n  t h e  s o i l  c o r e s  r e v e a l e d  t h a t  t h e  pH was 
g r e a t e r  i n  t h e  s o i l  w i t h o u t  S_. a l t e r n i f l o r a  t h a n  t h a t  xvith S_. a l t e r n i ­
f l o r a  . P r o d u c t i o n  o f  o r g a n i c  a c i d s  and c a rb o n  d i o x i d e  i n  t h e  r o o t  
zone p r o b a b l y  a c c o u n t e d  f o r  t h e  l o w e r  pH v a l u e s  i n  s o i l  c o n t a i n i n g  
S_. a l t e r n i f l o r a .
The b e h a v i o r  o f  n i t r a t e  and ammonium was examined i n  s e d i m e n t -  
w a t e r  columns i n c u b a t e d  a t  27°C i n  t h e  l a b o r a t o r y .  L a b e l l e d  n i t r a t e  
and ammonium w ere  added  t o  e i t h e r  t h e  o v e r l y i n g  w a t e r  o r  t h e  s e d i m e n t  
o f  t h e  s e d i m e n t - w a t e r  s y s t e m s ;  a f t e r  an i n c u b a t i o n  p e r i o d  t h e  q u a n t i t y  
o f  added  p r e s e n t  i n  t h e  s e d i m e n t  o r g a n i c  n i t r o g e n ,  e x t r a c t a b l e  
ammonium, and n i t r a t e  p l u s  n i t r i t e  fo rms  was d e t e r m i n e d .  A d d i t i o n  o f  
n i t r a t e  and ammonium t o  t h e  o v e r l y i n g  f l o o d w a t e r  s i m u l a t e d  t h e  f a t e
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o f  i n o r g a n i c  n i t r o g e n  t h a t  moves th r o u g h  t h e  w a t e r  column to  t h e  
s e d im e n t  s u r f a c e .
A d d i t i o n  o f  i n o r g a n i c  n i t r o g e n  f rom m u n i c i p a l  w a s t e  and a g r i c u l ­
t u r a l  r u n o f f  can  a l t e r  t h e  complex  s e r i e s  o f  b i o l o g i c a l  and c h e m ic a l  
s y s t e m s  o p e r a t i n g  i n  L o u i s i a n a  w e t l a n d s .  A b e t t e r  u n d e r s t a n d i n g  o f  
n i t r o g e n  r e a c t i o n s  i n  t h e  s e d i m e n t - w a t e r  column can  e l u c i d a t e  t h e  
a b i l i t y  o f  w e t l a n d s  t o  a s s i m i l a t e  and remove inc o m in g  n i t r o g e n  from 
human a c t i v i t y .
Most o f  t h e  n i t r a t e  added  t o  s e d i m e n t - w a t e r  columns was d e n i t r i ­
f i e d ;  o n ly  1 5 . 2  t o  27.9% o f  t h e  added  n i t r a t e - n i t r o g e n  re m a in e d  i n  th e  
s e d im e n t  a s  ammonium and o r g a n i c  n i t r o g e n .  The r e s u l t s  s u g g e s t e d  t h a t  
d i s s i m i l a t o r y  n i t r a t e  r e d u c t i o n  t o  ammonium was t h e  mechanism f o r  
n i t r a t e  c o n v e r s i o n  t o  ammonium and o r g a n i c  n i t r o g e n .  However ,  t h e  
p o s s i b i l i t y  o f  n i t r a t e  a a s i m i l a t i o n  and d i s s i m i l a t o r y  r e d u c t i o n  to  
ammonium o p e r a t i n g  s i m u l t a n e o u s l y  was n o t  r u l e d  o u t .
N i t r a t e  c o n v e r s i o n  to  ammonium and o r g a n i c  n i t r o g e n  i n  th e  
s e d i m e n t - w a t e r  s y s t e m s  o f  t h i s  s t u d y  was l e s s  t h a n  t h a t  r e p o r t e d  by 
Koike  and  H a t t o r i  (1978a)  and S o r e n s e n  (1978)  i n  a n a e r o b i c a l l y -  
i n c u b a t e d  s e d i m e n t s .  A l th o u g h  t h e  p o t e n t i a l  f o r  ammonium and o r g a n i c  
n i t r o g e n  f o r m a t i o n  from n i t r a t e  i n  a n a e r o b i c  s e d i m e n t s  may be g r e a t ,  
t h e  a c t u a l  l e v e l  found  i n  n a t u r e  i s  p r o b a b l y  l i m i t e d  by t h e  r a t e  o f  
n i t r a t e  movement i n t o  s e d i m e n t  zones  s u f f i c i e n t l y  r e d u c e d  f o r  n i t r a t e  
r e d u c t i o n  t o  ammonium i n s t e a d  o f  d e n i t r i f i c a t i o n .
The i n v e s t i g a t i o n  o f  t h e  f a t e  o f  ammonium added  t o  e i t h e r  t h e  
o v e r l y i n g  w a t e r  o r  t h e  s e d i m e n t  o f  s e d i m e n t - w a t e r  columns r e v e a l e d  
s u b s t a n t i a l  l o s s  o f  t h e  am m o n iu m -n i t ro g en  a s  g a s e s ;  s l i g h t l y  o v e r  50% 
o f  t h e  added  a m m o n iu m -n i t ro g e n  was n o t  r e c o v e r e d  and assumed t o  be
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l o s t  a s  g a s e o u s  n i t r o g e n  a f t e r  40 d a y s .  The s m a l l  s e d im e n t  and o v e r -  
l y i n g  f l o o d w a t e r  d e p t h s  and t h e  r e d o x  p o t e n t i a l s  m e a su re d  i n  t h e  
s e d i m e n t  s u g g e s t e d  t h a t  t h e  s e d i m e n t - w a t e r  s y s t e m  was p r o b a b l y  an i d e a l  
e n v i ro n m e n t  f o r  ammonium l o s s  by n i t r i f i c a t i o n - d e n i t r i f i c a t i o n  
r e a c t i o n s .
A g e n e r a l  c o n c l u s i o n  o f  t h i s  r e s e a r c h  i s  t h a t  n i t r o g e n  t r a n s f o r ­
m a t i o n s  i n  s a l t  m arsh  s o i l s  a r e  i n f l u e n c e d  by t h e  p r e s e n c e  o f  
a l t e r n i f l o r a . _S. a l t e r n i f l o r a  h a s  a h i g h  c a p a c i t y  t o  a s s i m i l a t e
i n o r g a n i c  n i t r o g e n .  Even th ough  t h e  o x i d i z e d  r h i z o s p h e r e  can  be  a 
zone f o r  n i t r i f i c a t i o n  and t h u s  a c t  t o  enhanc e  am m onium -n i t rogen  l o s s  
by n i t r i f i c a t i o n - d e n i t r i f i c a t i o n  r e a c t i o n s ,  d u r i n g  p e r i o d s  o f  r a p i d  
p l a n t  g row th  most o f  t h e  s o i l  ammonium i s  p r o b a b l y  a s s i m i l a t e d  by 
S_. a l t e r n i f l o r a  i n  t h i s  n i t r o g e n - l i m i t e d  e c o s y s t e m  b e f o r e  i t  can  
u n d e rg o  n i t r i f i c a t i o n - d e n i t r i f i c a t i o n .  Loss  o f  i n o r g a n i c  n i t r o g e n  as  
g a s e s  i s  p r o b a b l y  g r e a t e r  i n  s a l t  m a rsh  s o i l  d e v o id  o f  S_. a l t e r n i f l o r a  
and  s t r e a m  and l a k e  b o t to m  s e d i m e n t s  t h a n  i n  marsh  s o i l s  c o n t a i n i n g  
s t a n d s  o f  SM a l t e r n i f l o r a . The s e d i m e n t - w a t e r  i n t e r f a c e  can  be  an 
a c t i v e  s i t e  f o r  t h e  rem ova l  o f  n i t r a t e  and ammonium e i t h e r  c o n t a i n e d  
i n  t h e  f l o o d w a t e r  o v e r l y i n g  t h e  s e d i m e n t  o r  p r e s e n t  i n  t h e  u p p e r  few 
c e n t i m e t e r s  o f  s e d i m e n t .  Most o f  t h e  n i t r a t e  w hich  i s  r e d u c e d  i s  l o s t  
by d e n i t r i f i c a t i o n ;  o n l y  a b o u t  15 to  20% o f  t h e  n i t r a t e  i s  c o n v e r t e d  
to  ammonium and o r g a n i c  n i t r o g e n .
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A ppend ix  T a b l e  1.  V a r i a t i o n  i n  h e i g h t  and s t a n d i n g  c r o p  b io m as s  o f
S p a r t i n a  a l t e m i f l o r a , s o i l  o r g a n i c  c a r b o n ,  and 
s o i l  o r g a n i c  m a t t e r  w i t h  d i s t a n c e  i n l a n d  from t h e  
s t r e a m - p l a n t  i n t e r f a c e  i n  a s a l t  m a rs h .
D i s t a n c e
from
s t r e a m
P l a n t  
h e i g h t  
(23  J u n e )
S t a n d i n g  
c ro p  
b io m a s s  
(23 S e p t )
S o i l  
c a rb o n  
(23 J u n e )
S o i l  
o r g a n i c  
m a t t e r *  
(23 June)
m e t e r s cm g/m 2 a/ -/£>
1 . 5 90 2183 5 . 8 1 0 . 0
4 . 6 90 2123 7 .2 12 .4
7 .6 75 1725 8 . 5 1 4 .7
1 0 .7 60 1399 9 . 5 1 6 .4
1 3 . 7 45 1262 1 0 .9 1 8 .8
1 6 . 8 40 739 1 0 . 3 1 7 . 8
1 9 . 8 — — 1 1 .7 2 0 . 2
2 2 .9 — — 1 5 . 4 2 6 .5
S o i l  o r g a n i c  m a t t e r  i s  e q u i v a l e n t  t o  s o i l  o r g a n i c  c a r b o n  m u l t i p l i e d  
by 1 . 7 2 4 .
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A ppendix  T a b le  2 .  V a r i a t i o n  i n  t o t a l  n i t r o g e n  c o n t e n t  o f  s o i l  and
S p a r t i n a  a l t e r n i f l o r a  s h o o t s  and e x t r a c t a b l e  s o i l  
am m onium -n i t rogen  w i t h  d i s t a n c e  from t h e  s t r e a m -  
p l a n t  i n t e r f a c e  i n  a s a l t  m a rs h .
T o t a l  n i t r o g e n  E x t r a c t a b l e
--------------------------------------------------------  am m onium -n i t rogen
D i s t a n c e  S o i l  P l a n t  s h o o t s  23 June
from -------------------------------  ----------------------------------------------
s t r e a m  23 J u n e  23 J une  23 S e p t  W eight  b a s i s  Volume b a s i s
m e t e r s ---------%------- P g /g Pg/cm
it ream b o t to m 0 . 5 5 — --- 2 2 .5 —
1 . 5 0 . 4 3 0 . 8 8 0 . 9 8 2 . 6 1 . 0
4 . 6 0 . 4 5 1 . 0 8 0 . 7 9 4 . 1 1 . 4
7 .6 0 . 5 1 0 .7 9 0 . 6 2 3 .0 0 . 9
1 0 . 7 0 . 5 7 0 .7 6 0 .6 2 4 . 8 1 . 5
1 3 . 7 0 . 6 2 0 . 7 7 0 .6 5 2 . 7 0 . 8
1 6 . 8 0 . 6 1 0 . 8 6 0 . 6 2 5 . 2 1 .4
1 9 . 8 0 . 7 5 — — 3 7 .2 8 .9
2 2 .9 0 . 8 6 —  — __ 2 3 .5 4 . 5
Appendix  T a b le  3. E f f e c t  o f  n i t r o g e n  and p h o s p h o ru s  added  on 19 May upon t o t a l  n i t r o g e n  c o n t e n t  o f
S p a r t i n a  a l t e r n i f l o r a .
T re a tm e n t P l a n t  n i t r o g e n
23 June 23 J u l y 26 August 23 Sep t 18 A p r i l
7
N i t r o g e n ,  200 k g / h a 1 .3 5  a*
j .
1 .0 2  a"
/o
J .
0 .8 8  a
*
0 . 8 3  a 1 .0 5  a f
P h o s p h o ru s ,  200 k g / h a 0 . 7 9  b 0 . 7 0  b 0 . 6 7  b 0 . 6 3  b —
C o n t r o l 0 . 8 1  b 0 . 7 0  b 0 .6 8  b 0 .6 6  b 0 .8 2  b
V a lues  i n  t h e  same v e r t i c a l  column f o l l o w e d  by d i f f e r e n t  l e t t e r s  d i f f e r  s i g n i f i c a n t l y  ( p < 0 . 0 1 ) .  
V a lues  i n  t h e  same v e r t i c a l  column f o l l o w e d  by d i f f e r e n t  l e t t e r s  d i f f e r  s i g n i f i c a n t l y  ( p < 0 . 0 5 ) .
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